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(54) Control circuit and apparatus of brush-less motor and vacuum pump 



(57) To provide a control circuit or the like of a brush- 
less motor capable of properly controlling current of mo- 
tor windings by detecting positions of magnetic poles of 
a rotor at a rotational frequency of the rotor from low 
rotation which cannot lock a PLL circuit to steady-state 
rotation for rotating at high speed. Positions of magnetic 
poles are detected by a change in a magnetic flux (mag- 
netic flux signal) of motor windings caused by rotating 
a rotor having the magnetic poles, thereby, a synchro- 
nizing signal (ROT signal) in. synchronism with rotation 
of the rotor is generated. When the rotor is rotated at a 



low rotational frequency which cannot lock a PLL circuit, 
the rotor is driven by using predetermined two driving 
voltage vectors among outputable driving voltage vec- 
tors and when a rotational frequency capable of locking 
the PLL circuit is reached, the. rotor is driven by succes- 
sively outputting the outputable driving voltage vectors 
in synchronism with the positions of the magnetic poles 
detecting the outputable driving voltage vectors. Fur- 
ther, the magnetic flux signal is provided by using volt- 
age between two phases at which phases and magni- 
tudes of voltage drop caused by inductances of motor 
windings are equal to each other. 
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Description 

r> 

[0001] The present invention relates to a brush-less motor, a control circuit thereof and the like, relates to a consti- 
tution used in a vacuum pump of, for example, a vacuum pump of a magnetic bearing type turbo-molecular pump or 
the like or a magnetic bearing spindle or the like. 

[0002] Conventionally, starting a brush-less motor is carried out as follows. 

[0003] There is a brush-less motor-having a rotor having a permanent magnet of two poles and three motor phase 
windings for generating a magnetic field for rotating the rotor at its surrounding. 

[0004] In such a brush-less motor, there is a constitution in which as a sensor-less brush-less motor control circuit 
which is not provided with a sensor for- detecting positions of magnetic poles, current for driving the motor is made to 
flow to two motor windings in three-motor windings to thereby rotate a rotor, by rotating the rotor, positions of magnetic 
poles of the rotor are detected from induced electromotive force produced in a remaining one of the motor windings 
and based on the positions of the magnetic poles, the current of the motor winding is successively switched. 
[0005] An explanation will be given of an example of the above-described conventional brush-less motor control 
circuit in reference to Fig. 8 and Fig. 9. 

[0006] Fig. 8 is a conceptual view representing a brush-less motor of a three-phase all wave system A rotor 150 is 
provided with a permanent magnet of two poles. There are arranged U-phase, V-phase and W-phase motor windings 
151 U, 151 V and 1 51 W around the rotor. Current is made to flow to excite two of the motor windings and the rotor 150 
is rotated by attractive force or magnetic force thereof. Excited ones of the motor windings 151U, 151 V and 151 W are 
successively switched in accordance with positions of the magnetic poles of the rotor 1 50 to thereby continue rotating 
the rotor 150. The positions of the magnetic poles are detected by detecting voltage induced in a remaining one of the 
motor windings which is not excited;. -]"- — 

[0007] As shown by Fig. 9, there ate six kinds of driving voltage vectors outputted to the motor windings 151U. 15V 
and 151 W of the brush-less motor bf'the three-phaso all wave system. 

[0008] The driving voltage vector wtfen current is made to flow from the U-phase motor winding to the V-phase motor 
winding is defined as driving voltage Rector 1 , the driving voltage vector when current is made to flow from the U-phase 
motor winding to the W-phase motor winding is defined as driving voltage vector 2, the driving voltage vector when 
current is made to flow from the V-phase motor winding to the W-phase motor winding is defined as driving voltage 
vector 3, the driving voltage vector when current is made to flow from the V phase motor winding to the U-phase motor 
winding is defined as driving voltage vector 4, the driving voltage vector when current is made to flow from the W-phase 
motor winding to the U-phase motor winding is defined as driving voltage vector 5. the driving voltage vector when 
current is made to flow from the W-phase motor winding to the V-phase motor winding is defined as driving voltage 
vector 6 and hereinafter, the driving, voltage vectors will be distinguished from each other by the numerals. 
[0009] The numerals of the driving voltage vectors are indicated by circling the numerals in Fig. 9. 
[0010] Further, current which is made to flow from the V-phase motor windingto the W-phasemotorwinding is de- 
scribed as current in V -> W direction: and the like. 

[0011] The control circuit of the motor generates one pulse per rotation of the rotor 150 in synchronism with the 
rotation of the rotor 150 from detected;positions of magnetic poles. The pulse is inputted to a PLL (Phase Lock Loop) 
circuit, not illustrated, and the PLL circuit generates six pulses each having a period six times as much as rotation of 
the rotor 150. In synchronism with t'rfe six pulses, the above-described six driving voltage vectors are successively 
switched to thereby continue rotatincplhe rotor 150. That is, the positions of the magnetic poles of the rotor 150 are 
detected from voltage of the motor winding constituting conductless phase and the voltage vectors outputted to the 
motor windings 151 U, 151V and 151 Ware switched while carrying out a feedback by the detected values 
[001 2] Meanwhile, in order to lock (operate-) the PLL circuit, at least about 20 Hertz is needed for a frequency of an 
input signal. That is, unless the rotor 150 is rotated by about 20 times per second, the PLL circuit cannot be operated 
[001 3] Conventionally, until the motor is started and a rotational number of the rotor 1 50 is increased to a rotational 
number capable of locking the PLL circuit, the respective driving voltage vectors are switched by an open loop That 
is, the voltage vectors applied to the motor windings 1 51 U, 1 51 V and 1 51 W are initially switched successively at a low 
speed near to DC (direct current) without carrying out a feedback operation at all, the switching speed is gradually 
accelerated and the rotor is made to attract and follow thereto to thereby accelerate the rotor to the rotational number 
capable of locking the PLL circuit. •" 

[001 4] As a control circuit of a brush-less motor for switching driving voltage vectors by generating pulses synchro- 
nized with a multiplied value of a rotatro.nal number of a rotor by using a PLL circuit in this way, there is invention of 
Japanese Patent Laid-Open No. 47285/1 996. According to the invention, positions of magnetic poles are detected by 
Hall sensors and driving voltage vectors are controlled by a feedback control. 

[0015] Three Hall sensors are arranged at a surrounding of magnetic poles of a rotor at angular intervals of 120* 
when the rotor is rotated at a low speed by which a PLL circuit cannot be locked in starting a motor driving voltage 
vectors are controlled by detected signals by the three Hall sensors, when a rotational number of the rotor reaches a 
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rotational number capable of locking the PLL circuit, the PLL circuit generates multiplied synchronized pulses each 
having a period three times as much as the rotational number of the rotor from the detected signals of one of the Hall 
sensors and the driving voltage vectors are switched by the multiplied synchronized pulses. 

[0016] Further, the technology is applicable also by detecting counter electromotive voltage generated at the motor 

5 windings and produced by rotating the rotor without using the Hall sensors. That is, the technology is applicable to a 
motor drive circuit free of Hall sensors using a PLL circuit. 
: [0°17] Aconventional sensor-less brush-less motor is controlled by a control circuit operated as follows. 
[0018] The control circuit of the sensor-iess brush-less motor controls currents flowing inmotor windings by a feed- 
backcontrpl while detecting positions of magnetic poles of a rotor. The positions of the magnetic poles of the rotor are 

io detected by detecting voltage induced in the motor windings by rotating the rotor, that is, induced electromotive force. 
For example, in the case of a three phase brush-less motor, voltage is applied to the two motor windings and voltage 
induced in the remaining conductless phase is detected. Further, based on the positions of.the magnetic poles detected 
by the voltage : the two motor windings to be applied with voltage are determined and voltage is applied thereto. At the 
occasion, the induced electromotive force of the motor winding constituting the conductless phase is detected and the 

is positions of the magnetic poles are detected thereby. The motor is driven by continuously carrying out the process. 
[0019] Fig. 20 illustrates diagrams indicating timings of detecting the positions of the magnetic poles of the control 
circuit in the conventional sensor-less brush-less. motor. Waveforms 201a, 201b and 201c are waveform diagrams of 
voltage induced in a certain motor winding. As mentioned later, Fig. 20(a) shows a case in which a phase of a rotating 
field produced by current of the motor winding is more advanced than a phase of rotating the rotor, Fig. 20(b) shows 

20 a case in which the phases of both coincide with each other and Fig. 20(c) shows a case in which the phase of the 
rotating field is more delayed than the phase of the rotor. 

[0020] The positions of the magnetic poles are detected by sampling intersections 203a, 203b and 203c of imaginary 
neutral point potentials 202a, 202b and 202c and the waveforms 201a, 201b and 201c. 

[0021] The control circuit is provided with a driving mode of outputting voltage to the motor winding and a sampling 
25 mode of not outputting voltage thereto. As shown by Fig. 20, during a time period of 2/3 of a period of rotating the rotor, 
voltage is outputted to the motor winding in the driving mode and during a remaining time period of 1/3 of the period, 
voltage is not outputted thereto in the sampling mode. This is for preventing the waveforms 201a, 201b and 201c from 
being superposed with noise in detecting the positions of the magnetic poles. 

[0022] The intersections 203a, 203b and 203c are detected in the time period of the sampling mode. 

30 [0023] Fig. 20(a) shows the case in which the phase of the rotating field is more advanced than the phase of rotating 
the rotor and an area surrounded by the waveform 201a and the imaginary neutral potential 202a on the left side of 
the intersection 201a. becomes smaller than an area surrounded by the waveform 201a and the imaginary neutral 
potential 202a on the right side of the intersection 201 a. Fig. 20(b) shows the case in which the phases of both coincide 
with each other and the above-described left and right areas become equal to each other. Fig. 20(c) shows the case 

35 in which the phase of the rotating field lags behind the phase of the rotor and the area on the left side of the intersection 
203c becomes larger than the area on the right side. 

[0024] The conventional control circuit controls the voltage outputted to the motor winding by a feedback control 
such that the areas on the left side and the right side of the intersection become always equal to each other as in the 
intersection 203b. 

40 [0025] Further, when the conventional sensor-less brush-less motor is applied to a vacuum pump of a turbo-molecular 
pump or the like, the following problem is posed. 

[0026] There is a case that a motor, portion of a turbo-molecular pump is constituted by a DC brush-less motor 
constituted by a rotor shaft having a permanent magnet and a plurality of pieces of electromagnets arranged at a 
surrouhding of the permanent magnet at predetermined intervals. 

45 [0027] However, according to the conventional starting method, when the speed of switching the driving voltage 
vectors of the motor windings 151 U, 151V and 151W is rapidly increased or load of the rotor 150 is rapidly changed, 
there is a case in which the rotor 150 cannot follow the magnetic field produced by the motor windings 151 U, 151V 
and. 151W and is brought into out of phase and failed in staring. Further, when the speed of switching the voltage 
vectors is increased gradually by taking a long period of time, a long period of time is required of the rotor 1 50 to reach 

50 a rotational number capable of locking the PLL circuit. Further, when interruption or the like is caused and restarting 
is needed before the rotor 1 50 reaches the rotational number capable of locking the PLL circuit after starting the motor, 
since the positions of the magnetic poles cannot be detected by the control circuit of the conventional sensor-less 
brush-less motor, it is necessary to stop the rotor 150 once by direct current braking and thereafter restart the rotor 
150. Particularly, in the case of a turbo-molecular pump, about one minute is required for accelerating the rotational 

55 number of the rotor 150 to reach about 20 rotations per second capable of locking the PLL circuit and therefore, loss 
of time by the above-described cause is enormous. 

[0028] Meanwhile, according to the control circuit of the conventional sensor-less brush-less motor, the intersections 
203a, 203b and 203c must be brought into the sampling mode, for example, when a variation of load is caused in the 
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rotor and the intersections 203a, 203b and 203c are deviated from the sampling mode, there is a case in which the 
positions of the magnetic poles are disturbed and an out-of-phase state is brought about. Further, there is a case in 
which noise is superposed on voitageof the motor windings in detecting the magnetic pole of the rotor and the positions 
of the magnetic poles cannot accurately be detected. 

[0029] Further in the case in which the rotor of the brush-less motor is axially supported by a magnetic bearing, for 
example, when the rotor is subjected to direct current braking in starting to thereby set the magnetic poles to prede- 
termined positions, since there is no friction in the magnetic bearing, there poses a problem that the rotor is vibrated 
centering on the predetermined position and the vibration is not attenuated swiftly. Further, the magnetic field is rotated 
slowly by an open loop until the rotational number of the rotor shaft reaches a rotational frequency capable of locking 
the PLL circuit (rotational number of rotor per unit time, about 20 [Hz] in this case) and therefore, time is taken in 
starting, further, when the rotational number of the rotor shaft is significantly changed in steady-state operation, there 
is a case in which the positions of the magnetic poles cannot be detected and out-of-phase is brought about. - 
[0030] It is a first object of the invention to provide a control circuit of a motor detecting the positions of the magnetic 
poles of the rotor 150 without using sensors even in low speed rotation of 20 rotations per second or lower which has 
been operated by an open loop conventionally and controlling to switch voltage vectors applied to the motor windings 
by a feedback control by using the detected value. 

[0031] It is a second object of the invention to provide a control apparatus of a sensor-less brush-less motor capable 
of properly controlling current of motor windings by accurately delecting positions of magnetic poles of a rotor even 
when rotational speed of the rotor is significantly changed by a variation of load or the like or noise is superposed on 
20 voltage of the motor windings. 

[0032] It is a third object of the invention to provide a control circuit of a sensor-less brush-less motor, a sensor-less 
brush-less motor apparatus and a vacuum pump apparatus using the motor capable of controlling to switch a magnetic 
field by a feedback control by detecting magnetic poles of a rotor even at low speed rotation of 20 rotations per second 
or lower and capable of carrying out a feedback control by accurately detecting positions of the magnetic poles even 
when rotational speed of the rotor is significantly changed or noise is superposed on voltage of motor windings, 
[0033] In order to achieve the first object, according to an aspect of the invention, there is provided a control; circuit 
of a brush-tess motor wherein comprising a rotor having magnetic poles, a first motor winding comprising at least two 
motor windings for rotating the rotor, a second motor winding comprising at least one motor winding for detecting a 
position of the rotor, rotor rotating means for rotating the rotor by making a current flow to the first motor winding, 
voltage acquiring means for acquiring a voltage induced in the second motor winding, magnetic pole position acquiring 
means for acquiring magnetic pole positions of the magnetic poles from the voltage acquired by the voltage acquiring 
means, and current switching means for switching the current such that a direction of a magnetic field by the first motor 
winding is changed in accordance with the magnetic pole positions acquired by the magnetic pole position acquiring 
means (first constitution). - 
[0034] According to the first constitution, the positions of the magnetic poles are acquired by detecting the voltage 
induced in the second motor winding in which current for rotating the rotor is not made to flow and therefore, the 
magnetic field operated to the rotor can be controlled by a feedback control without using sensors for detecting the 
positions of the magnetic poles. 

[0035] Further, according to another aspect of the invention, in order to achieve the first object, there is proyfded a 
control circuit of a brush-less motor wherein comprising a rotor having magnetic poles, a plurality of motor windings 
for rotating the rotor, rotor rotating means for rotating the rotor by making currents flow to at least two motor windings 
in the plurality of motor windings in which phases and magnitudes of voltage drop by inductances of the motor wmdings 
are equal to each other, voltage difference acquiring means for acquiring a difference between voltages operated to 
the two motor windings having the equal phases and magnitudes of the voltage drop, magnetic pole position acquiring 
means for acquiring positions of the magnetic poles from the difference between the voltages acquired by the voltage 
difference acquiring means, and winding current switching means for switching the currents in accordance with the 
positions of the magnetic poles acquired by the magnetic pole position acquiring means (second constitution). \l : 
[0036] According to the second constitution, the positions of the magnetic poles are acquired by monitoring the 
voltages of the motor windings outputting driving voltage vectors. When the driving voltage vectors are selected per- 
tinently, the voltage drop by the inductances appearing in the motor windings can be equalized between the two motor 
windings. By taking the difference therebetween, the voltage drop can be eliminated and the positions of the magnetic 
polos can be acquired from a signal thereof. Further, the driving voltage vectors can be controlled by a feedback control 
from the positions of the magnetic poles. 

[0037] Further, according to other aspects of the invention, in order to achieve the first object, there are provided the 
control circuit of a brush-less motor further comprising an integrator for removing electric noise superposed oh the 
voltage acquired by the voltage acquiring means of the first constitution (third constitution) and the control circuit of a 
brush-less motor further comprising an integrator and a direct current cut filter for removing electric noise superposed 
on the difference between the voltages acquired by the voltage difference acquiring means of the second constitution 
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(fourth constitution). 

* [0038] By weakening the noise by integrating the voltage of the voltage acquiring means in the third constitution and 
the voltage difference by the voltage difference acquiring means in. the fourth constitution by the integrators, signals 
embedded in the noise can be detected. Further, the direct current cut filter is connected in series with an input side 
5 of the integrator for cutting a direct current component of a signal inputted to the integrator and preventing the direct 
current component of the signal inputted to the integrator from being integrated. 

[0039] Further according to another aspect of the invention, in order to achieve the first object, there.is provided the 
control circuit of a brush-less motor according to any one of the first constitution through the fourth constitution, wherein 
further comprising a sensor for detecting the magnetic pole positions of the rotor, rotational number detecting means 

10 for detecting a rotational number of the rotor from the magnetic pole positions detected by the sensor, and rotational 
number determining means for determining whether the rotational number detected by the rotational number detecting 
means is equal, to or larger than a predetermined rotational number, wherein when the rotational, number is equal to 
or larger than the predetermined rotational number, the currents of the plurality of motor windings are switched in 
accordance with the magnetic pole positions detected by the sensor, and when the rotational number detected by the 

'5 rotational number detecting means is less than the predetermined rotational number, the currents of the motor windings 
are switched in accordance with the magnetic pole positions acquired by the magnetic pole position acquiring means. 
[0040] According to the control circuit, by the control circuits of constitutions of the first constitution through the fourth 
constitution, when the rotor Is started and the rotational number reaches the predetermined value, the motor can 
smoothly shift to steady-stale operation. Further, when the rotational number is equal to or larger than the predetermined 

so rotational number, the sensor for detecting the positions of the magnetic poles is used and therefore, the circuit con- . 
stitution becomes simpler than that in the case of operating the motor without a sensor. 

[0041] Further, according to the invention, when the rotor is axially supported by a magnetic bearing, in sampling a 
displacement signal of a position of a shaft of the magnetic bearing, noise superposed on a sampling signal can be 
reduced by cutting the currents of the motor Windings or preventing the currents from being switched. 
25 [0042] Thereby, an error of a detected position of the shaft of the magnetic bearing can be reduced and abnormal 
sound or vibration from the magnetic bearing can be restrained from occurring. 

[0043] Further, when the rotational number of the rotor exceeds the predetermined value, by-switching the motoric 
a motor drive system for generating motor drive pulses by utilizing a PLL circuit, the operation can be switched to the 

normal operation ■ 
so [0044] According to another aspect of the invention, in order to achieve the second object, there is provided a control 
circuit of a sensor-less brush-less motor wherein comprising a rotor having magnetic poles, a plurality of motor windings 
for rotating the rotor, current supplying means for supplying currents to the plurality of motor windings, magnetic flux 
acquiring means for acquiring an interlinking magnetic flux of at least one of the motor windings by the magnetic poles, 
and magnetic pole position acquiring means for acquiring positions of the magnetic poles.from a change in the inter- 
35 linking magnetic flux acquired by the magnetic flux acquiring means, wherein the current supplying means switches 
the currents of the motor windings based on the positions of the magnetic poles acquired by the magnetic pole position 
acquiring means (fifth constitution). 

[0045] Further, as a variation of the fifth constitution, the magnetic flux acquiring means may be constituted to acquire 
a difference between interlinking magnetic fluxes of two of the motor windings by the magnetic poles. 
40 [Q046] According to the control circuit of the sensor-less brush-less motor of the aspect of the invention, rotational 
positions of the magnetic poles of the rotor can be acquired at arbitrary time in operating the motor and therefore, even 
; when the rotational number of the motor is significantly changed by a variation in load of the motor, the currents of the 
motor windings can properly be controlled. . 
[0047] Further the magnetic flux acquiring means according to the fifth constitution may compnse first acquiring 
. 45 means for acquiring an inter-cable voltage of predetermined two of the motor windings, second acquinng means for 
acquiring voltage drop by a synthesized resistance of resistances of the predetermined two motor windings and resist- 
ances of cables connecting a power supply apparatus constituting the current supplying means and the motor windings, 
third acquiring means for acquiring a difference between the currents of the two predeteimined motor windings multi- 
plied by values of inductances of the two predetermined motor windings, integrated value acquiring means for sub- 
so tracting a value acquired by the second acquiring means from a value acquired by the first acquiring means and inte- 
grating it, and subtracting means for subtracting a value acquired by the third acquiring means from a value acquired 
by the integrated value acquiring moans (sixth constitution). 

[0048] Further, as a variation of the sixth constitution, the magnetic flux acquiring means according to the.fifth con- 
stitution may comprise first integrated value acquiring means for acquiring a value produced by integrating an inter- 
55 cable voltage of the predetermined two motor windings overtime, second integrated value acquiring means for acquiring 
a value produced by integrating over time, voltage drop by a synthetic resistance of the resistances of the predetermined 
two motor windings and the resistances of cables connecting a power source apparatus constituting the current sup- 
plying means to the motor windings, third integrated value acquiring means for acquiring a value produced by integrating 
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overtime, voltage drop by inductances of the predetermined two motor windings, and subtracting means for subtracting 
the value acquired by the second integrated value acquiring means and the value acquired by the third integrated Value 
acquiring means from the value acquired by the first integrated value acquiring means. 

[0049] According to the sixth constitution and the variation of the sixth constitution, when the integrated values are 
acquired., the signal is integrated by using the integrators and therefore, noises superposed on the signal are canceled 
and the signal having small noise can be provided. Therefore, rotation of the motor can be monitored while operatinq 
the motor. 

[0050] Further a value of the synthesized resistance used in the sixth constitution can be acquired by synthesized 
resistance value acquiring means including direct current supplying means for supplying a direct current to the two 
predetermined motor windings; and first calculating means for calculating the value of the synthesized resistance by 
dividing a value of the inter-cable voltage by a current value of the direct current. 

[0051] The method is carried out by conducting the direct current to the predetermined two motor windings for 
example, before starting the motor. ' 
[0052] Further, the inductance used in the sixth constitution can be acquired by inductance acquiring means including 
high frequency current supplying means for supplying high frequency currents to the two predetermined motor windings 
inter-cable voltage value acquiring means for acquiring the value of the inter-cable voltage of the two motor windings 
when the high frequency currents are supplied thereto, and second calculating means for acquiring a value of the inter- 
cable voltage value divided by the current values of the high frequency currents., frequencies of the high frequency 
currents and a predetermined constant. 

[0053] The method can be carried out by conducting the high frequency current to a degree to which the rotor cannot 
follow, to.the predetermined two motor windings, for example, before starting the motor. The above-described prede- 
termined value is 2k. 

[0054] Further, the inductance used in the sixth constitution can be acquired by inductance acquiring means the 
inductance acquiring means comprising rotor rotating moans for rotating the rotor by switching the currents of the motor 
windings by an open loop, sampling means for sampling integrated values acquired by the first integrated value ac- 
quiring means before and after switching the currents of the motor windings, current peak value acquiring means for 
acquiring peak values of the values of the currents supplied to the predetermined two motor windings and third cal- 
culating means for dividing an absolute value of a difference between the first integrated values before and after switch - 
ingthecurrents acquired by the sampling means by the current peak values acquired bythe current peak value acquirinq 
30 means. . 

[0055] According to the method, the rotor is rotated by the open loop to some degree of rotational number and at 
that occasion, the inductances are calculated by a magnitude of a stepped difference appearing in a waveform produced 
by the first integrating means in switching the motor drive current. 

[0056] Further, the synthesized resistance and the inductances used in the fifth constitution or the sixth constitution 
can be acquired by providing assumed magnetic flux acquiring means for acquiring interlinking magnetic fluxes of the 
two predetermined motor windings by using assumed values of the resistance values and assumed values of the 
inductances and correcting means for correcting the assumed values of the . resistance values and the assumed values 
of the inductances from inter-cable voltage values of the two predetermined motor windings when the rotor is rotated 
by a predetermined angular speed by the rotor rotating means, inter-cable voltages of the two predetermined motor 
windings when supply of the currents of motor windings is stopped and the rotor is run freely by the predetermined 
angular speed, a signal provided by the assumed magnetic flux acquiring means when supply of thecurrents is stopped 
and a phase difference of the signal provided by the assumed magnetic flux acquiring means when the supply of the 
currents is restarted. 

[0057] -First, -{he interlinking magnetic fluxes generated in the motor windings are calculated by assumed synthetic 
resistance value and inductances, thereby, the assumed synthetic resistance value and inductances are corrected By 
repeating the process several times, successively corrected synthetic resistance value and inductances approach true 
values. rr 

[0058] Further, according to another aspect of the invention, in order to achieve the third object, there is provided a 
control circuit of a sensor-less brush-less motor wherein comprising magnetic flux signal acquiring means for acquiring 
a magnetic flux signal by integrating a voltage difference between predetermined two phases in a plurality of motor 
windings for rotating a rotor having magnetic poles in which phases and magnitudes of voltage drop by inductances 
of the motor windings are equal to each other, first drive timing acquiring means for acquiring a drive timing of a driving 
voltage vector constituting a portion of outputable driving voltage vectors from the magnetic flux signal acquired by the 
magnetic flux signal acquiring means, first driving voltage vector outputting means for outputting the portion of the 
dnving voltage vector in synchronism with the drive timing acquired by the first drive timing, second drive timing ac- 
quiring means for acquiring output timings of the outputable driving voltage vectors by multiplying the timing provided 
from the magnetic flux signal acquired by the magnetic flux signal acquiring means, second driving voltage vector 
outputting meansfor outputting the outputable driving voltage vectors in synchronism with the drive timing acquired 
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by the second drive timing acquiring means, and selecting means for selecting the first driving voltage vector outputting 
^ means and the second driving voltage vector outputting means (seventh constitution). 

[0059] Further, according to another aspect of the invention., in order to achieve the third object there is provided a 
control circuit of a sensor-less brush-less motor comprising current supplying means for supplying currents to a plurality 
5 of motor windings for rotating a rotor having magnetic poles, inter-cable voltage acquiring means for acquiring an mter- 
cable voltage of predetermined two motor windings in the plurality of motor windings in which phases and magnitudes 
of voltage drop by inductances of the motor windings are equal to each other, resistance amount correcting means for 
correcting a change of a voltage by a synthesized resistance of resistances of the predetermined two motor windings 
and resistances of connection cables for connecting a power supply apparatus constituting the current supplying means 
10 and the motor windings from the inter-cable voltage acquired by the inter-cable voltage acquiring means, magnetic 
flux signal acquiring means for acquiring a magnetic flux signal by integrating the inter-cable voltage corrected by the 
resistance amount correcting means, reactance amount correcting means for correcting a change amount by reac- 
tances of the predetermined two motor windings among the magnetic flux signal acquired by the magnetic flux signal 
acquiring means, magnetic pole position acquiring means for acquiring positions of the magnetic poles from the mag- 
15 netic flux signal corrected by the reactance amount correcting means, and correction nullifying means for nullifying at 
least the reactance amount correcting means in the resistance amount correcting means.and the reactance amount 
correcting means to be prevented from correcting the magnetic flux signal wherein when a rotational number of the 
rotor is equal to or smaller than a predetermined rotation, at least the reactance amount correcting means is nullified 
by the correction nullifying means and the current supplying means supplies the currents to the predetermined two 
20 motor windings by a first mode switching the currents flowing in the predetermined two motor windings based on the 
positions of the magnetic poles acquired by the magnetic pole position acquiring mean . .and wherein when the rotational 
number of the rotor is larger than the predetermined rotation, the currents are supplied to the motor windings by a 
second mode of switching the currents of the motor windings based on the positions of the magnetic poles acquired 
by the magnetic pole position detecting means without using the correction nullifying means (eighth constitution). 
25 [0060] In the eighth constitution, there can be constructed a constitution in which the current supplying means makes 
small currents flow in the plurality of motor windings in accordance with a predetermined order during a predetermined 
time period when a mode is switched from the first mode to the second mode (ninth constitution).. 
[0061] The seventh constitution or the eighth constitution can be constituted to further comprise direct current cutting 
means capable of switching a first cutoff frequency and a second cutoff frequency of a frequency larger than the first 
so cutoff frequency for removing a direct current component superposed on the magnetic flux signal , and switching means 
for switching the first cutoff frequency and the second cutoff frequency of the direct current cutting means (tenth con- 
stitution). 

[0062] In the tenth constitution, there can be constructed a constitution in which the switching means sets the cutoff 
frequency of the direct current cutting means to the first cutoff frequency during a predetermined time period from when 
35 the rotor is started and switches the cutoff frequency of the direct current cutting means to the second frequency when 
the predetermined time period has elapsed. 

[0063] Further, according to another aspect of the invention, in order to achieve the third object, there is provided a 
brush-less motor apparatus characterized by being constructed of a control portion comprising a motor portion com- 
prising a rotor having magnetic poles, a first motor winding comprising at least two motor windings for rotating the rotor, 
40 and a second motor winding comprising at least one motor winding for detecting a position of the rotor, rotor, rotating 
means for rotating the rotor by making a current flow in the first motor winding, voltage acquiring means for acquiring 
a voltage induced in the second motor winding, magnetic pole position acquiring means for acquiring magnetic pole 
positions of the magnetic poles from the voltage acquired by the voltage acquiring means, and current switching means 
for switching the current such that a direction of a magnetic field by the first motor windingls changed in accordance 

45 with the magnetic pole positions acquired by the magnetic pole position acquiring means (eleventh constitution). 

[0064] Further, according to another aspect of the invention, in order to achieve the third object, there is provided a 
brush-less motor apparatus characterized by being constructed by a control portion comprising a motor portion com- 
prising a rotor having magnetic poles, and a plurality of motor windings for rotating the rotor, rotor rotating means for 
rotating the rotor by making currents flow to at least two motor windings in the plurality of motor windings in which 

so phases and magnitudes of voltage drop by inductances of the motor windings are equal to each other, voltage difference 
acquiring means for acquiring a difference between voltages operated to the two motor windings having the equal, 
phases and equal magnitudes of the voltage drop, magnetic polo position acquiring means for acquiring positions of 
the magnetic poles from the difference between the voltages acquired by the voltage difference acquiring means, and 
winding current switching means for switching the currents in accordance with the positions of the magnetic poles 

55 acquired by the magnetic pole position acquiring means (twelfth constitution). 

[0065] Further, according to another aspect of the invention, in order to achieve the third object, there is provided a 
sensor-less brush-less motor apparatus characterized by a control portion comprising a motor portion comprising a 
rotor having magnetic poles, and a plurality of motor windings for rotating the rotor, current supplying means for sup- 
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plying currents to the plurality of motor windings, magnetic flux acquiring means for acquiring an interlinking magnetic 
flux of at least one of the motor windings by the magnetic poles, and magnetic pole position acquiring mearfs for 
acquiring positions of the magnetic poles from a k change in the interlinking magnetic flux acquired by the magnetic flux 
acquiring means, wherein the current supplying means switches the currents of the motor windings based on the 
positions of the magnetic poles acquired by the magnetic pole position acquiring means (thirteenth constitution). 
[0066] Further according to another aspect of the invention, in order to achieve the third object, there is provided a 
sensor-less brush-less motor apparatus wherein comprising a rotor having magnetic poles, a plurality of motor windings 
for rotating the rotor, magnetic flux signal acquiring means for acquiring a magnetic flux signal by integrating a voltage 
difference between predetermined two phases in the plurality of motor windings in which phases and magnitudes of 
voltage drop by inductances of the motor windings are equal to each other, first drive timing acquiring means for ac- 
quiring a drive timing of a driving voltage vector constituting a portion of outputable driving voltage vectors from the 
magnetic flux signal acquired by the magnetic flux signal acquiring means, first driving voltage vector outputting means 
for outputting the portion of the driving voltage vector in synchronism with the drive timing acquired by the first drive 
timing acquiring means, second drive timing acquiring means for acquiring output timings of the outputable driving 
voltage vectors by multiplying the timing provided from the magnetic flux signal acquired by the magnetic flux signal 
acquiring means, second driving voltage vector outputting means for outputting the outputable driving voltage vectors 
in synchronism with the drive timings acquired by the second drive timing acquiring means, and selecting means for 
selecting the first driving voltage vector outputting means and the second driving voltage vector outputtinq means 
(fourteenth constitution). 

[0067] Further, according to another aspect of the invention, in order to achieve the third object, there is provided a 
vacuum pump apparatus wherein comprising an exterior member one end of which is formed with an intake port and 
other end of which is formed with an exhaust port, a rotor axialty supported rotatably by a magnetic bearing or a 
mechanical type bearing at inside of the exterior member, a motor for rotating the rotor, and a stator arranged at the 
inside of the exterior member, wherein the motor is constituted by the brush-less motor apparatus according to the 
eleventh constitution or the twelfth constitution or the sensor-less brush-less motor apparatus according to the thirteenth 
constitution or the fourteenth constitution. 

[0068] Embodiments of the present invention will now be described by way of further example only and with reference 
to the accompanying drawings, in which :- 



Fig. 1 is a block diagram showing a control circuit of a brush-less motor according to a first embodiment of the 
invention. 

Fig. 2 is a waveform diagram of a control circuit of the brush-less motor according to the first embodiment of the 
invention. 

Fig. 3 is a block diagram showing a control circuit of a brush-less motor according to a second embodiment of the 
35 invention. 

Fig. 4 is a waveform diagram of the control circuit of the brush-less motor according to the second embodiment 
of the invention. 

Fig. 5 is a block diagram showing a control circuit of a brush-less motor according to a third embodiment of the 
invention. 

Fig. 6 is a waveform diagram of the control circuit of the brush-less motor according to the third embodiment of 
the invention. 

Fig. 7 is a table showing a relationship among a phase difference Y driving voltage vectors and a phase lag amount 

Ftg. 8 is a diagram showing a structure of a brush-less motor. / 
Fig. 9 is a diagram showing driving voltage vectors. 

Fig. 10 is a diagram showing resistance values and inductances of motor windings and resistance values of con- 
nection cables. 

Fig. 11 is a block diagram showing a control circuit according to a fourth embodiment. 

Fig. 12 is a waveform diagram showing waveforms of current and voltage of motor windings, a magnetic flux 
predicting signal (»u-v, an ROT signal and so on when a rotor is rotated by using the circuit. 
Fig. 13 is a block diagram showing a constitution of a control circuit according to a fifth embodiment. 
Fig. 1 4 is a block diagram showing a constitution of a control circuit according to a sixth embodiment. 
Fig. 1 5 is a block diagram showing a constitution of a control circuit according to a seventh embodiment. 
Fig. 16 is a block diagram showing a constitution of a control circuit according to an eighth embodiment. 
Fig. 17 is a vector diagram showing a relationship of motor voltage and the like of the eighth embodiment. 
Fig. 18 is a vector diagram showing a relationship among vectors provided by integrating respective vectors of 
Fig. 17. 

Fig. 1 9 is a diagram showing a shift of an ROT signal when a rotor is run freely and when the rotor is supplied with 



8 



BNSDOCID: <EP 1189335A2_L> 



EP 1 189 335 A2 



drive current according to the eighth embodiment. 

Fig. 20 is a diagram showing timings of detecting positions of magnetic poles of a rotor of a conventional sensor- 
less brush-less motor. 

Fig. 21 is a diagram showing a constitution of a control circuit according to a ninth embodiment. 
5 Fig. 22 is a diagram showing a relationship between operational modes of the control. circuit according to the 

embodiment and a rotational frequency of a rotor. 

Fig. 23 is a diagram showing a relationship among numerals of driving voltage vectors, directions of current flowing 
in motor windings and transistors made ON. 

Fig. 24A is a view showing a case of accelerating the rotor by a magnetic field and Fig. 24B is a view showing a 
10 case of decelerating the rotor by a magnetic field. 

Fig. 25 is a diagram showing a constitution of a control circuit according to a modified example-of the ninth em- 
bodiment. 

Fig. 26A is a diagram showing a direct current component outputted from a differential amplifier 8 : Fig. 26B.is a 
diagram showing the direct current component outputted from a direct current cut filter 2 when an output of a 
15 multiplier 1 0 is nullified and Fig. 26C is a diagram showing the direct current component outputted from the direct 

current cut filter 2 when a predetermined signal is outputted from the multiplier 10. 

Fig. 27 is a diagram showing changes of a direct current component of a signal of a differential amplifier a magnetic 
flux predicting signal and current of W-phase when a mode is switched from a 2-phase deceleration mode to a 
3-phase acceleration mode via a pause lime period. 
20 Fig. 28 is a diagram showing changes of the differential amplifier, the magnetic flux predicting signal and the current 

of the W-phase when small current is conducted to a motor winding 7 in switching the mode from a 2-phase mode 
to a 3-phase mode. 

Fig. 29A is a diagram showing a frequency characteristic when a cutoff frequency.is set to f 1 and f2 by a high pass 
filter having a variable cutoff frequency, Fig. 2B is a diagram showing a frequency characteristic of an integrator 
25 and Fig. 29C is a diagram showing a frequency characteristic of a circuit combined with a direct current cut filter 

and the integrator. 

Fig. 30 is a diagram showing a constitution of a control circuit according to a modified example 3 of the ninth 
embodiment. 

Fig. 31 is a view showing an example of a sectional view of a turbo-molecular pump. 
30 Fig. 32 is a schematic view showing a section of a motor portion. 

Fig. 33 is a view showing an example of a constitution of a motor of an outer rotor type. 

(First Embodiment) 

35 [0069] An explanation will be given of a first embodiment of a control circuit of a brush-less motor according to the 
invention in reference to Fig. 1 and Fig. 2. Fig. 1 is a diagram showing a principal constitution of a control circuit of a 
brush-less motor according to a first embodiment: 

[0070] A control circuit .1 41 according to the embodiment is provided with a motor 1 05 comprising a rotor 1 1 2 having 
a permanent magnet of two poles and motor windings 107U, 107V and 107W in star connection for rotating the rotor 
40 1 1 2, a motor driving control circuit 1 5 for supplying current to the motor windings 107U, 1 07V and 1 07W, a microcom- 
puter 130 for controlling the motor driving control circuit and resistors 108U, 108V and 108W in star connection re- 
spectively having equal resistance values. 

[0071] Although in-Fig. 1 , the respective motor windings 107U, 107V and 107W and the rotor 112 are illustrated 
separately for convenience, actually, the motor windings 7 are arranged at an outer peripheral portion of the rotor 11 2. 
45 [0072] The motor driving circuit 115 is provided with direct current power source 116 and six transistors 121a, 121b, 
121c. 121d, 121eand 1 21 f constituting a three-phase bridge. Bases of the respective transistors 121a, 121b, 121c, 
121d, 121e and 121f are respectively connected to the microcomputer 130. The respective transistors 121a, 121b, 
121c,' 121d, 121e and 121f are made ON/OFF by gate drive pulses from the microcomputer 1 30 and supply predeter- 
mined current to the motor windings 107U, 107V and 107W. 
so [0073] The motor driving circuit 115 supplies predetermined current to the motor windings 107U, 107V and 107W 
while being controlled by the microcomputer 130. 

[0074] The resistors 108U, 108V and 1 08 W arc respectively connected to the motor windings 1 07U, 107V and 1 07W. 
As shown by Fig. 1 , the resistors 1 08U, 1 08V and 1 08W and the motor windings 1 07U , 1 07V and 1 07W are wired in 
symmetrical shapes and potential of a neutral point 110 of the resistors 108U. 108V and 108W is equal to that of a 
55 neutral point 109 of the motor windings 7. 

[0075] The control circuit 141 is further provided with a differential amplifier 103, a direct current cut filter 102, an 
integrator 101 and a comparator 104. 

[0076] The differential amplifier 103 is connected to the neutral point 110 of the resistors 108U, 108V and 108W and 
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the resistor 108U and outputs potential difference across both ends of the resistor 108U, that is, voltage appearing at 
the resistor 108U. In this case, the potentials of the neutral point 109 and the neutral point 110 are the same, furtfier, 
as described later, current for driving the rotor 112 is not made to flow to the motor winding 1 07U and therefore, voltage 
outputted from the differential amplifier 103 becomes equal to voltage induced in the motor winding 107U by rotating 
the rotor 112. Hereinafter potential of V-phase with the neutral point 109 as a reference is designated by notation Vu- 
n. Suffix u designates a U-phase terminal and suffix n designates the neutral point 1 09. 

[0077] According to the embodiment the rotor 112 is rotated by alternately outputting driving voltage vectors 3 and 
6. That is, current is made to flow alternately to the motor windings 107V and 107W in V -> W direction and W -> V 
direction and the motor winding 107U is made conductless phase. When the rotor 112 is rotated, at the motor winding 
1 07U, induced electromotive force is produced by rotating the rotor 1 1 2. The voltage draws a sign curve in accordance 
with rotation of the rotor 112 and there is a corresponding relationship between the phase of the sine curve and a 
position of the magnetic pole of the rotor 112. Further, as mentioned above, voltage generated at the motor winding 
107U and voltage generated at the resistor 108U are the same and therefore, the voltage generated at the resistor 
1 08U is detected by the differential amplifier 1 03 and by pertinently processing the signal, position of the rotor 1 1 2 can 
15 be detected. 

[0078] Although the voltage generated at the motor winding 1 07U can be detected by connecting a minus terminal 
of the differential amplifier 103 not to the neutral point 11 0 but to the neutral point 109 of the motor 105 directly, in view 
of the structure of the motor, the terminal of the differential amplifier 1 03 cannot be connected to the neutral point 1 09 
and therefore, there is adopted a method of detecting induced electromotive force indirectly by the resistor 108. 

20 [0079] The direct current cut filter 1 02 cuts a direct current component of the induced electromotive force induced 
in the motor winding 1 07U from the differential amplifier 1 03. This is because when the direct current component is 
included in the output of the differential amplifier 103, the integrator 101 integrates the direct current component and 
therefore, the direct current component is previously removed by the direct current cut filter 1 02. The direct current cut 
filter 1 02 can also be realized by using a high pass filter. 

25 [0080] The integrator 1 01 integrates the output of the differential amplifier 1 03 removed of the direct current compo- 
nent and removes electric noise superposed on the output of the differential amplifier 1 03. When the motor is operated, 
various electric noises are generated. The signal provided by the differential amplifier 1 03 is superposed with the noises 
and the signal cannot be used as it is. When the signal embedded in the noises is integrated by the integrator 1 01 , the 
noises are averaged and only the signal embedded in the noises can be provided. 

30 [0081] This is because the noises superposed on the signal are randomly generated by substantially equal rates 
positively and negatively with respect to the signal and accordingly, when the signal is integrated, the noises are av- 
eraged and canceled by each other. 

[0082] The signal outputted from the integrator 1 01 is referred to as a magnetic flux predicting signal. This is because 
when the voltage generated at the motor winding is integrated, interlinking magnetic flux of the motor windinq 1 07U is 
35 brought about. 

[0083] Input terminals of the comparator 104 are connected to the integrator 101 and the ground and an output 
terminal thereof is connected to the microcomputer 130. The comparator 104 outputs a binary value signal (signal in 
correspondence with two kinds of high and low voltages and signal having high voltage is designated by notation Hi 
and signal having low voltage is designated by notation Lo). 

[0084] The comparator 1 04 compares the magnetic flux predicting signal and the ground level, outputs Hi when the 
magnetic flux predicted signal is larger than the ground level and outputs Lo when the magnetic flux predicting signal 
is smaller than the ground level. The output of the comparator 1 04 is referred to as an ROT (rotational pulse) signal. 
^ In this way, the comparator 1 04 generates a pulse signal in synchronism with the rotor 112. 

' [0085] The microcomputer 130 receives the ROT signal from the comparator 1 04, switches the transistors 121c, 
121d, 121e and 1 21 f of the motor driving circuit 115 in synchronism with the ROT signal and outputs predetermined 
driving voltage vectors to the motor Windings 107V and 107W. When the ROT signal is Lo, the transistors 121f and 
121c are made ON, the driving voltage vector 3 is outputted and when the ROT signal is Hi, the transistors 121 e and 
121 d are made ON and the driving voltage vector 6 is outputted. 

[0086] The control circuit 1 41 of the brush-less motor according to the embodiment rotates the rotor 1 12 by alternately 
outputting the driving voltage vectors 3 and 6 to the motor windings 1 07V and 1 07W in the motor windings 1 67U , 1 07V 
and 107W. Further, by rotating the rotor 112, from the voltage induced in the motor winding 107U, positions of the 
magnetic poles of the rotor 112 are detected and the driving voltage vectors 3 and 6 are controlled to switch by a 
feedback control from a detected result. 

[0087] Fig. 2 shows a relationship among current lu, Iv and Iw flowing in the motor windings 107U, 107V and 107W, 
55 the output Vu-n of the differential amplifier 1 03, the magnetic flux predicting signal 4>u-n outputted from the integrator 
1 01 , the ROT signal outputted from the comparator 1 04 and the driving voltage vectors 3 and 6. 
[0088] An explanation will be given of operation of the control circuit 141 of the brush-less motor in reference to 
waveform diagrams of Fig. 2 as follows. 
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[0089] In starting the motor, there are alternately repeated the driving voltage vector 3, that is, a case of making 
« current flow in V -* W direction and the driving voltage vector 6, that is, a case of making current flow in W ^ V direction 
at a frequency near to DC and the magnetic poles of the rotor 112 are made to attract and follow a magnetic f.eld 
produced by the motor winding 107V and the motor winding 107W. When the rotor 112 is rotated about one rotation 
5 per second, the voltage, induced in the motor winding 107U can be detected. 

[0090] During a time period of outputting the driving voltage vector 3, current is made to flow in V -4 W direction, 
during a time period of outputting the driving voltage vector 6, current is made to flow in W -> V direction, current is 
not made to flow in the motor winding 1 07U and therefore, waveforms of current lu, Iv and Iw are respectively as shown 

by Fig. 2. lu is 0. . 
10 [0091] When the driving voltage vectors 3 and 6 are alternately outputted and the rotor 112 is rotated, the induced 
electromotive force Vu-n shown by Fig. 2 is generated in the motor winding 107U. As mentioned above, the voltage 
becomes the sine curve in synchronism with rotation of the rotor 1 1 2. The voltage is detected by the differential amplifier 
103 connected to the both ends of the resistor 108U. 

[0092] Vu-n outputted from the differential amplifier 103 is removed of the direct current component by the direct 
15 current cut filter 102 and is inputted to the integrator 101 . 

[0093] Next, Vu-n is integrated by the integrator 101 and is converted into the magnetic flux predicting signal <|>u-n. 
By integrating the signal, noises superposed on Vu-n are removed and the signal embedded in the noises can be 
detected. 

[0094] The magnetic flux predicting signal 4>u-n is constituted by integrating Vu-n and therefore, its phase lags by 

20 90° as shown by Fig. 2. 

[0095] The comparator 1 04 compares the ground level and the magnetic flux predicting signal *u-n and generates 
the ROT signal. When the magnetic flux predicting signal 4>u^n is equal to or larger than the ground level, Lo signal is 
outputted and when the signal is equal to or smaller than the ground level, Hi signal is outputted. The ROT signal is 
constituted by a waveform as shown by Fig, 2. The ROT signal is synchronized with rotation of the rotor 112 and 

25 alternately repeats Hi and Lo at every half rotation of the rotor 112. 

[0096] Next, the microcomputer 1 30 receives the signal from the comparator and switches predetermined transistors 
of the motor driving circuit 115 based on the signal. 

[0097] The microcomputer 130 makes ON the transistors 121 f and 121c. of the motor driving circuit 115 when the • 
ROT signal is Lo and makes ON the transistors 121 e and 1 21 d when the ROT signal is Hi. 
so [0098] The motor driving circuit 115 outputs the driving voltage vector 3 to the motor 105 during the time period in 
which the transistors 1 21 f and 1 21 c are ON and outputs driving voltage vector 6 to the motor 1 05 during the time period 
in which the transistors 121 e and 121 d are ON. 
: [0099] Further, currents made to flow in the motor windings 107V and 1 07W by the driving voltage vectors 3 and 6 
are controlled by a PWM (pulse width modulation) control by the microcomputer 130, 
35 [0100] The other driving voltage vectors 1 , 2, 4 and 5 are not outputted. 

[01 01 ] As mentioned above, according to the embodiment, the rotor 1 1 2 is driven by alternately outputting the driving 
voltage vectors 3 and 6 and the positions of the magnetic poles of the rotor 112 are detected from voltage induced in 
the motor winding 107U which is not utilized in driving the rotor 112, Further, the driving voltage vectors 3 and 6 are 
switched in accordance with the detected positions of the magnetic poles/Although the voltage induced at the motor 
winding 1 07U is superposed with noises, by integrating the voltage, the noises are removed and therefore, the positions 
of the magnetic poles can be detected even in low speed rotation in which rotation of the rotor 112 is about one rotation 
per second. Therefore, even in the low speed rotation of the rotor 112 in which a .PLL circuit cannot be locked, the 
driving voltage vectors 3 and 6 can be controlled by the feedback control by the positions of the magnetic poles. 
[01 02] As mentioned above, conventionally, the driving voltage vectors are switched by an open loop in starting the 
45- motor and time periods of switching the driving voltage vectors are set to be long such that the rotor can follow the 
change of the magnetic field. Meanwhile, according to the embodiment, the driving voltage vectors can be switched 
swiftly in accordance with the increase of the rotational number of the rotor and therefore, a time.period lor starting the 
motor can be shortened. 

[0103] Further, even in the low speed rotation of the rotor, the position of the rotor can be detected and therefore, 
so even when the rotational number of the rotor is rapidly changed by varying load of the rotor, switching of the driving 
voltage vectors can be made to follow the change of the rotational number of the rotor, further, even when interruption 
is caused in starting the motor, at a time point of recovering supply of power, starting can be restarted without stopping 
to rotate the rotor. 

[0104] Although according to the embodiment, the driving voltage vectors 3 and 6 are used and the positions of the 
55 magnetic poles are detected by the motor winding 107U, there may be constructed a constitution in which the driving 
voltage vectors 1 and 4 are used and the positions of the magnetic poles are detected by the motor winding 107W or 
there may be constructed a constitution in which driving voltage vectors 2 and 5 are used, and the positions of the 
magnetic poles are detected by using the motor winding 1 07V 
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[0105] Further, when motor drive is used in a magnetic bearing, there is a case in which switching noise of a motor 
driver is propagated to a sensor such as a displacement sensor or a temperature sensor of the magnetic bearirlg by 
way of a bearing main body or a circuit. Particularly, when the magnetic bearing is digitally controlled by using a digital 
signal processor or the like, a displacement signal is detected by sampling and detecting the signal by an A/D (analog/ 

5 digital) converter and therefore : there is a case in which when the displacement signal of the magnetic bearing is 
sampled at an instance of being superposed with noise, the displacement signal including error is detected, as a result, 
noise or vibration is caused from the magnetic bearing. Therefore, when the motor driver used in the magnetic bearing 
is constituted such that the switch of the motor is cut or prevented from switching at an instance of sampling the signal 
of the displacement sensor (for example, 2 microseconds), noise or vibration can be restrained to cause from the 

10 magnetic bearing. 

(Second Embodiment) 

[0106] An explanation will be given of a second embodiment of a control circuit of a brush-less motor according to 
15 the invention in reference to Fig. 3 and Fig. 4. 

[0107] According to the embodiment, the driving voltage vector 3 and the driving voltage vector 5 are alternately 
outputted to thereby generate a magnetic field alternately in the motor windings 1 07V and 1 07W and the motor windings 
1 07W and 1 07U and the rotor 1 1 2 is attracted to the magnetic field and rotated. Further, the ROT signal is generated 
by a difference between voltages of the U-phase terminal and the V-phase terminal and the driving voltage vectors 3 
20 and 5 are controlled by a feedback control by using the ROT signal. 

[0108] Fig. 3 is a diagram showing a control circuit 142 according to the embodiment. Portions having functions the 
same as those of the control circuit 141 according to the first embodiment are attached with the same numerals. 
[0109] A difference of constitution between the control circuit 141 and the control circuit 142 resides in that the control 
circuit 1 42 is not provided with the resistors 1 08U, 1 08V and 1 08W in star connection and that the differential amplifier 
103 detects a difference between voltages of the U-phase terminal and the V-phase terminal; Constitutions of other 
portions of the control circuit 141 and the control circuit 142 are the same. 

[01 1 0] According to the first embodiment, motor driving current is not made to flow in the motor winding 1 07U and 
therefore, Vu-n constitutes a regular sine curve, however, according to the embodiment, there are monitored voltages 
Vv-n and Vu-n generated in the motor windings 1 07V and 1 07U in which the motor driving current flows and therefore 
there appear voltages 1 1 7 and 1 1 8 in a spike like shape caused by inductances of the motor windings 1 07U, 1 07V and 
107W in these voltages as shown by Fig. 4. In order to eliminate the voltages 117 and 118 in the spike-like shape a 
difference therebetween is taken by the differential amplifier 103. The voltages 117 and 118 in the spike-like shape 
having the same magnitude appear in the voltages Vv-n and Vu-n at the same phase and therefore, these can be 
eliminated by taking the difference. 

[0111] An explanation will be given of the constitution of the control circuit 142 of the brush-less motor as follows 
[0112] The motor 105 is constituted by the motor windings 107U, 107V and 107W in star connection and the rotor 
112 having two magnetic poles of N-pole and S-pole. 

[0113] By alternately outputting the driving voltage vectors 3 and 5, the motor windings 107V and 107W and the 
motor windings 107V and 107U alternately produce the magnetic field and the magnetic poles of the rotor 112 are 
attracted thereto and rotated. According to the first embodiment, the rotor 112 is rotated by alternately outputting the 
driving voltage vectors 3 and 6 and therefore, there is a case in which the rotor 112 cannot be started depending on 
the positions of the magnetic poles of the rotor 112 (since magnetic fields generated by the driving voltage vectors 3 
and 6 are in parallel with each other and therefore, Jn the case in which a direction of the magnetic field and a direction 
of the magnetic poles are in parallel with each other when the rotor 112 is stopped, torque is not generated and the 
rotor 112 cannot be started), however, according to the embodiment, the rotor 112 can be started even when the rotor 
112 is disposed at any position in starting. 

[01 14] Further, also in the first embodiment, the motor can be started by generating a magnetic field other than those 
of the driving voltage vectors 3 and 6 for a short period of time in starting. 

[0115] The input terminals of the differential amplifier 103 are connected to the motor windings 107U and 107V and 
a difference of voltages Vu-v between the two terminals is outputted. ; 
[01 1 6] As shown by Fig. 4, the voltages 1 1 7 and 1 1 8 in the spike-like shape caused by the inductances of the motor 
windings 107U, 107V and 107W appear in Vu-n and Vv-n. The magnitudes and the phases of generating these are 
the same and therefore, these can be eliminated by taking the difference by the differential amplifier 103. A waveform 
indicated by a dotted line of Vu-v of Fig. 4 shows the output from the differential amplifier 103. Although the voltages 
117 and 118 in the spike-like shape are eliminated in the waveform, the waveform still includes a direct current com- 
ponent 119. The direct current component 119 is caused by resistance values of the motor windings 107U, 1 07V and 
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[0117] The direct current cut filter 102 cuts the direct current component 119 and a waveform indicated by a bold 
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line of Vu-v of Fig. 4 is provided from the direct current cut filter 1 02. 
1,1 [0118] The integrator 101 integrates Vu-v and outputs the magnetic flux predicting signal *u-v. The phase of the 
magnetic flux predicting signal 4>u-v lags by 90° behind Vu-v by integration. Further noises superposed on Vu-v are 
eliminated by the integration. 

5 [01 19] The comparator 104 compares the magnetic flux predicting signal 4>u-v with the ground level and outputs the 
ROT signal. Similar to the first embodiment, the ROT signal becomes high when the magnetic flux predicting signal is 
larger than the ground level and becomes signal Lo when the magnetic flux predicting signal 4 is smaller than the 
ground level. 

[01 20] The microcomputer 1 30 makes ON/OFF the transistors 1 21 b, 1 21 c, 1 21 e and 1 21 f of the motor driving circuit 
10 115 in synchronism with the ROT signal. 

[01 21 ] The motor driving circuit 1 1 5 outputs the driving voltage vector 3 to the motor windings 1 07V and 1 07W when 
the transistors 121c and 121f are made ON and outputs the driving voltage vector 5 to the motor windings 107W and 
107U when the transistors 121e and 121b are made ON. 

[0122] Next, an explanation will be given of operation of the control circuit 142 constituted in this way. 
is [01 23] I n starting the motor, the driving voltage vector 3, that is, in the case of making current flow in V -> W direction 
and the driving voltage vector 5, that is, in the case of making current flow in W -> U direction are repeatedly applied 
alternately by a frequency near to DC (direct current). The rotor 112 is attracted to a magnetic field produced by the 
motor windings 107V and 107W when the driving voltage vector 3 is outputted and to a magnetic field produced by 
the motor windings 107W and 1 07U when the driving voltage vector 5 is outputted and starts rotating. When the rota- 
te tional number of the rotor 11 2 becomes about 1 rotation per second, the positions of the magnetic poles can be detected. 
[0124] Currents indicated by notations lu, Ivand Iw of Fig. 4 are made to flow respectively to the motor winding 107U, 
the motor winding 107V and the motor winding 107W. During a time period in which the driving voltage vector 3 is 
outputted, current is made to flow from the motor winding 107V to the motor winding 107W and during a time period 
in which the driving voltage vector 5 is outputted, current is made to flow from the motor winding 107W to the motor 
25 winding 107U. 

[0125] The waveform Vu-n of Fig. 4 represents voltage of the U-phase terminal with the neutral point 109 as a 
reference. As mentioned above, the voltage 1 1 7 in the spike-like shape appearing at portions in the waveform is caused 
by influence of voltage drop by the inductance of the motor winding 7. 

[01 26] The waveform Vv-n of Fig. 4 shows voltage of the V-phase terminal with the neutral point 1 09 as a reference. 
30 The voltage 118 in the spike-like shape appears at portions of the waveform by reason the same as that of Vu-n. 

[0127] According to the voltages 117 and 118 in the spike-like shape appearing in the two waveforms, phases. of 
generating the voltages are the same and the magnitudes are equal to each other.. 

[01 28] The waveforms Vu-n and Vv-n are inputted to the differentia! amplifier 1 03 and a difference therebetween is 
outputted. 

35 [0129] the waveform Vu-v of Fig. 4 indicated by the dotted line shows the output signal of the differential amplifier 
1 03. As mentioned above, locations of generating the voltages 1 1 7 and 1 1 8 in the spike-like shape appearing in Vv-n 
and Vu-n and magnitudes thereof are equal to each other and therefore, these can be canceled by each other by taking 
a difference therebetween by the differential amplifier 1 03. 

[0130] The direct current component 119 is superposed on the output signal of the differential amplifier 103 and the 
40 direct current component 1 1 9 is cut by the direct current cut filter 1 02. This is for preventing the direct current component 
from being integrated by the integrator 101 . The waveform of Vu-v indicated by the bold line of Fig. 4 is provided from 
the direct current cut filter 1 02. 

[01 34 ] Vu-v removed of the direct current component by the direct current cut filter 1 02 is integrated by the integrator 
101 and is converted into the magnetic flux predicting signal (j>u-v shown by Fig. 4. Noises superposed on Vu-v by the 
45 integration are removed and on ly a desired signal is provided. The magnetic flux predicting signal <>u-v is changed in 
synchronism with the rotor 112. 

[0132] The magnetic flux predicting signal (|>u-v outputted from the integrator 101 is compared with the ground level 
by the comparator 104 and the ROT signal (rotational pulse signal) shown in Fig. 4 is outputted. The ROT signal 
becomes Lo when the magnetic /tux predicting signal tj>u-v is larger than the ground level and becomes Hi when the 

so signal is smaller than the ground level. 

[0133] The microcomputer 130 receives the ROT signal from the comparator and makes ON the transistors 121 f 
and 121c of the motor driving circuit 115 during a time period in which the ROT signal is Lo, and makes ON the 
transistors 121e and 121b during a time period in which the ROT signal is Hi. 
' [01 34] As shown by Fig. 4, when the ROT signal is Lo, the driving voltage vector 5 is outputted to the motor windings 

55 107V and 107W and when the ROT signal is Hi, the driving voltage vector 3 is outputted to the motor windings 107W 
and107U. 

[0135] Further, current flowing in motor windings by the driving voUage vectors 3 and 5 is controlled by the micro- 
computer 130 by a PWM control. The driving voltage vectors 1,2,4 and 6 are not outputted. 
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[0136] According to the embodiment, the rotor 11 2 can necessarily be started regardless of positions of stopping the 
magnetic poles of the rotor 112. This is because torque is generated in the rotor even when the magnetic poles are 
stopped at any positions since magnetic fields generated by the driving voltage vectors 3 and 5 are not in parallel with 
each other. 

[0137] Further according to the control circuit. 141 of the embodiment, it is not necessary to install resistors for 
detecting voltages of the motor windings and the driving voltage vectors can be controlled to switch by a feedback 
control by detecting the position of the rotor 112 even when the rotor 112 is rotated at low speed and the PLL circuit 
cannot be locked, by a simple circuit constitution. 

[0138] Further, a time period of starting the motor can be shortened and even when supply of power is recovered 
after varying load of the rotor 112 or electricity is interrupted, the motor 105 can be controlled without being brought 
into out of phase similar to the first embodiment. 

[0139] Although according to the embodiment, the motor is driven by using the driving voltage vectors 3 and 5. a 
way of selecting the driving voltage vectors is not limited thereto but, for example, the driving voltage vectors 5 and 1 
and the driving voltage vectors 1 and 3 may be used. That is, the magnetic flux predicting signal can be provided by 
selecting the driving voltage vectors such that the voltages in the spike-like shape which appear by the inductances 
of the motor windings 7 can be canceled by each other by the differential amplifier 1 03. 

(Third Embodiment) 



[0140] According to the embodiment, an explanation will be given of a case in which after the rotational number of 
the rotor of the motor started by means of the second embodiment reaches a rotational number capable of locking a 
PLL circuit (about 20 rotations per second), the motor is switched to steady-state operation using the PLL circuit. 
[0141] In the steady-state operation of the motor, while detecting the positions of the magnetic poles. 6 pulses are 
generated in the PLL circuit at every rotation of the rotor and the driving voltage vectors are -successively switched in 
25 an order of 1 -> 2 -> 3 -> 4 -> 5 -> 6 -> 1 -> ... in synchronism with the pulses to thereby rotate the rotor. 

[0142] Meanwhile, the rotor 112 according to the second embodiment is rotated by alternately switchinq the voltaqe 
driving vectors 3 and 5. 

[0143] Therefore, when operation as the means of the second embodiment is switched to normal operation using 
the PLL circuit, it is necessary to pertinently calculate the driving voltage vector outputted initially and a timing of 
outputting the driving voltage vector. When an impertinent driving voltage vector is outputted or a timing of outputting 
the driving voltage vector is mistaken in switching to normal operation, the motor is brought into out of phase or abnormal 
sound is emitted. 

[01 44] Fig. 5 is a diagram showing a control circuit 1 43 of a brush-less motor according to the embodiment. According 
to the control circuit 1 43, the control circuit 1 42 of the brush-less motor according to the second embodiment is further 
provided with a rotational speed sensor 125 : a rotational seed detecting circuit 126, a PLL circuit 127 and a storing 
portion 128. Portions having functions the same as those of the control circuit 142 of the brush-less motor according 
to the second embodiment are attached with the same numerals. 

[0145] The rotational speed sensor 125 is attached outside of the motor 105, detects a target attached to a rotor 
shaft and generates a signal in synchronism with rotation of the rotor 112. For example, the rotational speed sensor 
125 is formed by a Hall element or the like and the target is constituted by a magnet or the like. The rotational speed 
detector may be constructed by a constitution in which the rotational speed detector is installed at inside of the motor 
1 05 for directly detecting the magnetic poles of the rotor 1 1 2. A regular waveform which is not superposed with electric 
noise can be provided from the rotational speed sensor 125. 

[0146] The rotational speed sensor 125 is connected to the rotational speed detecting circuit 126. The rotational 
speed detecting circuit 126 calculates the rotational number of the rotor 112 from an output signal of the rotational 
speed sensor 1 25 and outputs an ROTA signal (second rotational pulse signal) in a pulse-like shape. The ROTA signal 
is constituted by signals of binary values (signals in correspondence with two kinds of high and low voltages and the 
signal having high voltage is designated by notation Hi and the signal having low voltage Is designated by notation Lo). 
[0147] The ROTA signal becomes Hi during a time period in which the rotor 112 is rotated by a half rotation and 
50 becomes Lo at a successive half rotation. 

[0148] The microcomputer 130 and the PLL circuit 127 are connected to the rotational number detecting circuit 126 
and receive the ROTA signal from the rotational speed detecting circuit 126. 

[01 49] The PLL circuit 1 27 generates a 6xf ROTA signal, or a synchronized signal in a pulse-like shape in synchro- 
nism with a frequency six times as much as a frequency of the ROTA signal. The synchronizing signal is used in 
55 switching the six driving voltage vectors. 

[01 50] The microcomputer 1 30 calculates the driving voltage vector to be outputted initially and a timing of outputting 
the synchronizing signal generated by the PLL circuit 127 in switching to normal operation from the ROT siqnal and 
the ROTA signal. 
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* [01 51 ] Further, .he microcomputer 1 30 is connected with the storing portion 1 28. This is because when the regional 
, number of the rotor 1 is increased, there is a case in which the output signal of ^^^^^^Z 
behind a timing at which the target reaches a detected positioned a vaiue correcting this » *£^J£ 
storing portion 1 28. The microcomputer 1 30 corrects the rise time and fall time of the ROTA s.gnal by using the correct.ng 
s value in accordance with the rotational number of the rotor 112. 

[01 52] The microcomputer 1 30 carries out predetermined calculation from these values and pulses for driving the 
gates of the transistors 1 21 a. 1 21b. 1 21 c, 1 21 d, 1 21 e and 1 21 f of the motor driving circuit 1 1 5 are switched from those 
of starting operation according to the second embodiment to those of normal operation. 

[0153] An explanation will be given of operation of the control circuit 143 of the brush-less motor const.tuted as. 

[OmrThemotor 1 05 is driven by the method explained in the second embodiment until the motor 105 is started 
and the rotational number of the rotor 1 1 2 reaches a relatione, number capable of locking the PLL circuit (for example^ 
20 rotations per second). That is, the driving voltage vectors 3 and 5 are alternately outputted, the ROT s.gnal is 
generated by integrating the difference between the voltages of the V-phase terminal and the U-phase terminal and 

'5 the driving voltage vectors 3 and .5 are switched in synchronism with the ROT s.gnal. 

[0155] When the rotational number of the rotor 112 reaches a minimum rotational number capable of locking the PLL 
circuit the microcomputer 130 calculates the driving voltage vector initially outputted m switching to 
and the timing of outputting the driving voltage vector and switches operation of the motor 1 05 to normal operation. 
[0156]. The driving voltage vector initially outpulted in switching operation is calculated as follows. 

20 l [0157] The microcomputer 130 detects and stores a period T of the ROT signal. Further, the microcomputer 130 
detects and stores a time difference Ta of the ROT signal and the ROTA signal 

[0158] Notation ROT of Fig. 6 designates the ROT signal and notation ROTA designates the ROTA s.gnal. Further, 

notation <j,u-v designates the magnetic flux predicting signal <t>u-v outputted from the integrator 101 

[01 59] Next, a phase difference Y between the ROT signal and the ROTA signal » calculated by the follow.ng formula. 



25 



Y=Ta/T 



0) 



[01 60] Fig. 7 shows the value of Y and numerals of the driving voltage vectors initially outputted in switching to normal 

S^or example, when 3/12<Y<5/12, the switching is started from the driving voltage vector 1 . When the driving 
voltage vectors are outputted in accordance with the table of Fig. 7. the positions of the magnet.c poles of he rotor 
1 1 2 and the magnetic field generated by the driving voltage vectors are brought into a pertinent positional relationsh.p. 
[0162] The driving voltage vector numerals in a column of "voltage vector to be dnven ,n 3 phase full wave . mode 

35 of Fig 6 and the waveform of the magnetic flux predicting signal *u-v show a corresponding relatlons ^ ^ ^ th . 
[01 63] Further, *u-v and the ROT signal are synchronized with each other and therefore, a correspond^ ^Uonship 
between the ROT signal and the driving voltage vectors is also known from the waveform diagrara For example, r.se 
of the ROT signal is disposed at a middle of a time period of outputting the driving voltage vector 4. 
[0164] The driving voltage vectors may be outputted in an order of 1 -> 2 -» 3 -> - in synchronism w.th the ROT. 

40 siqnal by dividing one period of the ROT signal in 6. ."«,,, m t einn! ,i 

101651 The waveform of the ROTA signal is constituted by parallelly moving the waveform of the ROT s.gnal and 
Sorely ^Formula (1). as shown by Fig. 7, the ROTA signai and numerals of the driving voltage vectors can 

signal of the ROTA signal is retarded from the ROT signal and outputted. By Formula (1), the numera. of the dnv ng 
voltage vector to be outputted in correspondence with the ROTA signal is calculated and therefore 
timing of outputting the 6xf ROTA signal is linely adjusted to thereby align l.m.ngs of nse and fall of the 6xf ROTA 
siqnal to timings of rise and fall of the ROTA signal. r ^ nar . tnia 
[0167] A column of "phase lag amount D" of Fig. 7 shows a phase lag amount r 0 ^^^^!^ 
value of Y. The microcomputer 130 calculates phase lag time period Td from the per.od T of the ROTA s.gnal and the 
phase lag amount D by the following formula. 



45 



50 



Td=T x D 



(2) 



55 



[0168] Further, the microcomputer 130 retards the 6xf ROTA signal generated by the PLL circuit 127 by " Td . and 
outputs a gate drive pulse in correspondence with the numeral of the vector to be driven to the -^nv ng - 
The gate drive pulse updates the driving voltage vector in an order of 1 -» 2 -* 3 - 4 - - at every rise ot 
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6xf ROTA signal to thereby carry out steady-state operation of the motor 1 05 

[01 69] Further, when the rotational speed of the rotor 1 1 2 is increased, there is a case in which a detected sigfial of 
he rotational speed detecting sensor 125 is retarded from time at which the target reaches the detected position of 
he rotational speed detecting sensor 125. In this case, the ROTA signal is outputted by being delayed from the value 

Z^T^^^^V*?™^ kn ° Wn 3 re ' ati0nshi P between ,he del *V a— ""and the National 
th? rota ? ' relat,onsh, P ls stored t0 tne corrected value storing portion 1 28 as the corrected value and 
tne ho l A signal is corrected at inside of the microcomputer 1 30. 

S ab ° ve " described means - the ™«* 1 05 started by means of the second embodiment can swiftly be 

shifted to the steady state by the 6xf ROTA signal of the PLL circuit 127 y 

ml!?! • A ' th0U ? * iS n0mna " y necessa, y for controlling a sensor-less brush-less motor to measure impedance of 
J !r ffan K monit °»ng and correcting current of the motor, according to the control circuit 143 of the brush-less 
motoroftheembodiment, these operations are no. neededandtherefore.thecircuitissimplifiedandthecost is reduced 

hZ IL h l ^ thS m0t ° r 1 05 S,arted by the COn,ro1 circuit 1 41 of the brush-less motor according to the 

first embodiment is switched to a steady-state operation, the switching can be carried out similar to the embodiment 

(Fourth Embodiment) 

ml! 31 ,- T° rdm9 ,0 embodlment ' the P° si,ions of tne magnetic poles of the rotor are detected by a change in 
magnetic flux caused in the motor wirings. 

rm™ H irSt ' th6re d6riVed theoretical formulas constituting the basis in executing the embodiment 
windf! tk V d,a9 ? m Sh ° Win9 resistance values and inductances of cables connecting the motor and the motor 
windings. The motor windings of U-phase, V-phase and W-phase are connected by star connection 

U nh!l deSi 9. na,ed bv notation 1 is volta 9 e generated in the U-phase motor winding by rotating the rotor. The 

U-phase motor wind.ng ,s provided with an impedance Lu and a resistance value Ru. Further, the cable is provided 
ctenaZ7 ^ anCe Va ' Ue RC - V 'P hase and W "P hase are structurally symmetrical with U-phase and therefore, by 
and w nh f I" r6SpeCt,Ve,y t0 V and W ' there are P™ ided v alues respectively in correspondence with V-phase 
" UvTnc Z & ' CUrrSn,S 9 ^ U " PhaS6 ' V " PhaSS and W - ph3Se arS res P ectf veV designated by notations 

[0177] Here, Rp, Lp and Viu-v are put as follows 
30 ' 

Rc+ R u= Rc+ Rw= Rc+ R v= Rp 

35 Lu=Lw=Lv=Lp 

(Viu-n)-(Viv-n)=Viu-v 
•*o [0178] The following formula is derived from above formulas. 

Vu-v=Viu-v+Rp(lu-lv)4-Lpxd(lu-lv)/dt 



25 



45 



windfnn COn f smied b * subt ^cting voltage of V-phase motor winding from voltage of U-phase motor 

wind.ng. When the above formula is integrated, Formula (3) is provided as follows. 



/ Vu-vdt = | (Viu-v+Rpx(lu-lv))dt+Lpx(lu-lv) 



(3) 



[01 80] Here, the magnetic flux predicting signal *u-v indicating magnetic flux in U- P hase motor winding and V-phase 
motor winding is represented by Formula (4) as follows. P 

55 <|)U-v= / Viu-vdt ^ 

[0181] Here : consider various amounts represented by Formulas (5) f (6), (7) as follows. 
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Jvu-vdt < 5 > 
J Rpx(lu-lv)dt ( 6 > 

Lp;-: (lu-lv) ( 7 ) 

ro [0182] It is known that by Formula (3), when Formulas (6) and (7) are subtracted from Formula (5), the magnetic flux 

<|>u-v is calculated. ^ ^ ,. 

[01 831 According to the embodiment, the relationships are realized by using an electric circuit, the magnetic flux 
prediction *u-v is calculated and based on the magnetic flux predicting signal <t>u-v, currents of the motor windmgs.are 
switched. 

is [0184] Fig. 11 is a block diagram showing a constitution of a control circuit 41 of a sensor-less brush-less motor 
according to the fourth embodiment. 

[0185] The control circuit 41 is provided with a motor 5; a motor driving circuit 17 and a driving control circuit 19. 
[0186] A motor 5 is constituted by motor windings 7U, 7V and 7W and a rotor..6 having a pair of magnetic poles of 
N-pole and S-pole Although the motor windings 7U, 7V and 7W and the rotor 6 are separately shown for convenience 

20 ot illustration, actually, the motor windings 7U, 7V and 7W are arranged at the surrounding of the rotor 6. In driving the 
motor current is made to flow to two of the motor windings, for example, current is made flow to the motor windings 
7U and 7V in U -» V direction, the magnetic poles of the rotor 6 are attracted to a magnetic field produced by the motor 
windings by the current and rotated. By successively switching the motorwindings formaking current flow and directions 
of current based on the positions of the magnetic poles of the rotor. 6, the rotor 6 continues rotating. 

25 [0187] The motor driving circuit 17 is constituted by a direct current power source 18 and six transistors 21a, 21b, 
21c 21d 21e and 21f forming a three-phase bridge. Bases of the transistors are respectively connected to a micro- 
computer 30 in the driving control circuit 1 9 and made ON/OFF by gate signals from the microcomputer 30 for supplying 
predetermined current to the motor windings 7LI, 7V and. /W. . ■ 

[0188] Further the control circuit 41 includes circuit elements for calculating the magnetic flux predicting signal <t>u- 

30 v by carrying out calculation from Formula (4) to Formula (7), mentioned above, the circuit elements are constituted 
by differential amplifiers 8 and 9, multipliers 1 0 and 1 2, adders 1 1 and 1 3, an integrator 1 and a direct current cut filter 2. 
[0189] The differential amplifier 8 is connected to the motor windings 7U and 7V and outputs a value Vu-v produced 
by subtracting voltage of the motor winding 7V from voltage of the motor winding 7U. 

[0190] The differential amplifier 9 detects currents 1u and Iv flowing in the motor windings 7U and 7V and outputs a 
35 difference therebetween lu-lv. . • • . . 

[0191] The multiplier 10 is connected to the differential amplifier 9 and an Rp signal setting circuit 14 in the dnving 
control circuit 19. The Rp signal setting circuit 14 outputs a synthesized resistance value of a resistance value of any 
of the motor windings 7U, 7V and 7W (three of them are provided with the same resistance value) and a resistance 
value of any of the cables 3U. 3V and 3W for connecting the motor windings and the motor driving circuit 17 (three of 
40 them are provided with the same resistance value). The multiplier 10 receives lu-ly from the differential amplifier 9 and 
Rp from the Rp signal setting circuit 1 4 and outputs Rpx (lu-lv) which is a product of both. 

[0192] The adder 11 is connected to the differential amplifier 8 and the multiplier 10 and the adder 11 receives Vu- 
v Irom the differential amplifier 8 and Rpx (lu-lv) from the multiplier 1 0 and outputs a difference produced by subtracting 
Rp --(lu-lv) from Vu-v. that is, (Vu-v)-Rpx (lu-lv). This is the value to be integrated in Formula (6). 
45 [0193] The output of the adder 1 1 is inputted to the integrator 1 via the direct current cut filter 2. This is forprevent.ng 
a direct current component included in the output of the adder 11 from being integrated by the integrator 1 : 
[0194] The integrator 1 integrates the output of the adder 11 removed of the direct current component and outputs 
J ((Vu-v)-Rp x (lu-lv))dt. The output of the integrator 1 corresponds to the case of subtracting Formula (6) from Formula 
(5) Further by the integration, electric noise superposed on the input signal of the integrator 1 , that is, (Vu-v)-Rpx(lu- 
so iv) is removed. This is because noises are randomly generated positively and negatively with the signal 'value as 

reference and therefore, when these are integrated and added together, these are canceled by each other. 

[0195] The multiplier 12 is connected to the differential amplifier 9 and an Lp signal setting circuit 15, receives lu-lv 

from the differential amplifier 9 and Lp from the Lp signal setting circuit 15 and outputs a product of both, that is, Lpx 

(lu-lv). The value corresponds to Formula (7). 
55 [0196] The adder 13 outputs a value produced by subtracting the output of the adder 12, that is. Lpx(lu-lv) from 

output of the integrator 1, that is, J ((Vu-v)-RpX(lu-lv))dt. The output of the adder 1 3 corresponds to the value produced 

by subtracting Formula (6) and Formula (7) from Formula (5) and is equal to the magnetic flux predicting signal *u-v. 

The waveform of the magnetic flux predicting signal <t>u-v becomes a sine curve in synchronism with rotation of the 
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rotor 6. ' 
[0197] The driving control circuit 1 9 is constituted by a comparator 4, a PLL (Phase Lock Loop) circuit 16 the Lp 
signal sett.ng circuit 1 5, the Rp signal setting circuit 1 4 and the microcomputer 30. The comparator 4 is provided with 
two input terminals and one of them is connected to the magnetic flux predicting signal *u-v and other thereof is 
connected to the ground. The comparator 4 outputs binary value signals (signals in correspondence with two kinds of 
high and low voltages and the signal having high voltage is designated by notation Hi and the signal having low voltage 
is designated by notation Lo). 

[01 98] Further, the comparator 4 compares the magnetic flux predicting signal fu-v and the ground level and outputs 
Lo when-the magnetic flux predicting signal <|>u-v is smaller than the ground level and outputs Hi when the magnetic 
flux predicting signal (|>u-v is larger than the ground level. 

[0199] The magnetic flux predicting signal <|>u-v becomes a sine wave in synchronismwith the rotor 6 and therefore 
the comparator 4 outputs Hi during a time period of rotating the rotor by a half rotation.and outputs Lo during a time 
period of a successive half rotation. The signal is referred to as ROT signal (rotational pulse signal). The output terminal 
orthe comparator 4 is connected to the microcomputer 30 and the PLL circuit 1 6 

[0200] The PLL circuit 16 receives the ROT signal, generates a 12xf ROT signal which a multiplied synchronized 
signal in synchronism with a frequency 1 2 times as much as the rotational number of the rotor 6 and outputs the signal 
to the microcomputer 30. Kyi 

[0201] The Rp signal setting circuit outputs the value of the resistance value Rp stored in the microcomputer 30 to 
the multiplier 10. 

20 S Tu 6 LP Si9nal settin 9 circuit out P uts the inductance value Lp stored in the microcomputer 30 to the multiplier 12 
10203] The synthesized resistance value Rp of the resistance value of the motor windings 7U 7V and 7W and the 
resistance value of the cables 3U, 3V and 3W connecting the motor windings and the motor driving circuit 17 and the 
puter SO 06 m0t ° r WindingS P revious| y measured by a measuring instrument and stored to the microcom- 

25 [0204] The microcomputer 30 supplies predetermined gate signals to the transistors 21a, 21b 21c 21 d 21 e and 

2 ™ ° ^ 1 2Xf R ° T Si9nal ° f thS PLL CirCuit 1 6 and suc <=essively switches currents of the motor windings 7U 
/ v and 7W. ° 1 

[0205] An explanation will be given of operation of the control circuit 41 of the sensor-less brush-less motorconstituted 
as described above in reference to a waveform diagram of Fig. 12. 
30 [0206] A frequency capable of locking (operating) the PLL circuit 1 6 is about 20 [Hz] and therefore, currents of the 
motor windings 7U, 7V and 7W are switched by an open loop after starting the motor 5 until the rotational speed of the 
rotor 6 reaches about 20 rotations per second. 

[0207] When the rotational speed of the rotor 6 reaches about 20 rotations per second, the ROT signal is produced 
from the magnetic flux predicting signal *u-v, thereby, currents of the motor windings 7U, 7V and 7W can be controlled 
•» to switch by a feedback control. 

L 02 °?i n-I He CUrren,S ° f the m ° t0r windin 9 s 7U ' 7V and 7W are respectively formed in waveforms of hi Iv and Iw of 
r' 9 " , The mlcr ocomputer 30 controls voltages supplied to the motor windings 7U, 7V and 7W by PWM (Pulse Width 
Modulation) such that the currents become rectangular waves. " 

[0209] The differential amplifier 8 receives the difference between the voltages of the motor windings 7U and 7V and 
outputs a waveform shown by Vu-v of Fig. 1 2. Voltage 20 in a spike-like shape which appears in switching currents of - 
the motor windings 7U, 7V and 7W is caused by the inductances Lp provided to the motor windings 7U 7V and 7W 
and a stepped difference 21 between contiguous waveforms indicates voltage drop caused by the synthesized resist- 
ance value Rp of the resistance value of the motor windings 7U, 7V and 7W and the resistance value of the cables.. 
3U, 3V and 3W connecting these and the motor driving circuit 17. 

shown byj^lvof Rg" 1 2 mPlifier 9 ° UtPUtS * between lu and lv and a waveform thereof becomes a waveform 

[0211] The multiplier 10 multiplies lu-lv by Rp. 

[0212] The adder 11 outputs (Vu-v)-Rpx(lu-lv). The signal is inputted to the integrator 1 after having been removed 
of the superposed direct current component by the direct current cut filter 2. 

[0213] The integrator 1 outputs J ((Vu-v)-Rpx(lu-lv))dt, which becomes a waveform indicated by notation X of Fiq 
n , H ^f eP - Ped d,f,erence seen in the waveform X is caused by the inductance of the motor windings 7U TV and 7W.' 
[0214] The output of the integrator 1 is subtracted by Lpx(lu-lv) by the adder 13. The magnetic flux predicting signal 
<t»u-v .nd.car.ed by a waveform of <t»u-v of Fig. 12 is outputted from the adder 13. As is known from the waveform the 
magnehc flux predicting signal ((.u-v becomes a sine wave constituting one period by one rotation of the rotor 6 ' 
Svr 5 - The A CC -mparator 4 compares the magnetic flux predicting signal <t>u-v and the ground level and outputs the 
ROT signal. As mentioned above, the ROT signal becomes Hi when the magnetic flux predicting signal <(,u-v is smaller 
than the ground level and the signal Lo when the magnetic flux predicting signal 4-u-v is larger than the ground level 
The ROT signal becomes Hi during a time period of half rotation of the rotor 6 and Lo during a time period of half 
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rotation thereafter as shown by the waveform of ROT in Fig. 1 2: 
^ [0216] The PLL circuit 16 receives the ROT signal from the comparator 4 and generates the multiplied synchronized 
signal 12xf ROT signal having a frequency 12 times as much as that of the ROT signal.- 

[0217] There are a total of six kinds in the way of switching currents of the motor windings 7U : 7V and 7W. for 
5 example, W -» V direction or U -» V direction and accordingly, basically, when the multiplied synchronized signal 6\f 
ROT signal having the frequency 6 times as much as that of the ROT signal is generated, in synchronism with the 
signal, the above-described six currents can be switched. Here, 12xf ROT signal having the frequency 12 times as 
much as that of the ROT signal is generated for correcting a shift of a phase of *u-v by the integration. 
[0218] A further detailed explanation will be given as follows. 
10 [0219] The microcomputer 30 switches the currents of the motor windings 7U, 7V and 7W every time of rotating the 
rotor 6 by 60°. Vertical lines of Fig. 12 designate timing of switching the currents and an interval therebetween is 60° 
in rotation of the rotor 6. Meanwhile, the phase of <|>u-v is advanced by 90°. from the phase of the original signal by . 
integration. Therefore, the phase of the ROT signal generated from <|>u-v is also advanced by 90° and rise and fall of 
the ROT signal and timings of switching the currents are deviated from each other by 30°. Hence, when the 12xf ROT 
15 signal having the period 1 2 times as much as that of the ROT signal is generated, the timings of switching the currents 
and rise of the 1 2xf ROT signal can be made to coincide with each other. 

[0220] When the timings of switching the currents of the motor windings 7U, 7V and 7W and the rise of the 12xf 
ROT signal are made to coincide with each other in this way and the currents of the motor windings 7U, 7V and 7W 
are switched at every twice rise of the 12xf ROT signal, the motor 5 can be operated. 

20 [0221] The microcomputer 30 is stored with a program of supplying predetermined gate signals to the bases of the 
transistors 21a, 21b. 21c, 21d, 21e and 21f by the ROT signal and 12xf ROT and switches on the transistors in 
correspondence with the respective numerals as shown by 21a, 21b, 21c, 21 d, 21e and 21f of Fig. 12. For example, 
when the transistors 21d and 21e are made ON. current is made to flow in the motor windings 7V and 7W in W -* V 
direction. Further as mentioned above, the currents flowing in the motor windings 7U, 7V and 7W arc controlled by 

25 the PWM control to predetermined values by the microcomputer 30. 

[0222] According to the embodiment, Rp and Lp are. previously measured and therefore, in place of the multiplier 
10, an amplifier having gain of Rp can be used, further, in place of the multiplier 12, an amplifier having gain of Lp can 
be used. 

[0223] Further, although according to the embodiment, the current and the voltage of the motor windings 7U and 7V 
30 are monitored, the embodiment is not limited thereto but voltage and current of the arbitrary motor windings may be 
monitored. 

[0224] According to the control circuit 41 of the sensor-less brush-less motor of the embodiment, the positions of the 
magnetic poles of the rotor 6 can always be monitored and therefore, even when the rotational number of the rotor 6 
is significantly changed by a variation in load, the motor 5 can pertinently be controlled without being brought into out 
35 of phase. Further, the signal for detecting the positions of the magnetic poles of the rotor 6 is integrated and therefore, 
the positions of the magnetic poles can accurately be detected without being influenced by electric noises superposed 
on the signal. 
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(Fifth Embodiment) 



[0225] Although according to the fourth embodiment, the synthesized resistance value Rp of the resistance value of 
the motor windings 7U, 7V and 7W and the resistance value of the cables 3U, 3V and 3W connecting these and the 
motor driving circuit 1 7, is previously measured by a measuring instrument and the values are stored to the microcom- 
puter 30, 'according to the embodiment, a description wilt be given of a case in which Rp is automatically measured 
45 and stored to the microcomputer 30. 

[0226] Fig. 13 is a block diagram showing a constitution of a control circuit.42 of a sensor-less brush-less motor 
according to the fifth embodiment of the invention. 

[0227] The control circuit 42 according to the embodiment is constituted by newly adding low pass filters 22 and 23 
to the control circuit 41 of the fourth embodiment. The other constitution is the same as that of the control circuit 41 
so and therefore, numerals the same as those of the control circuital are attached to the constituent elements. 

[0228] The low pass filter 22 is connected to the differential amplifier 9 and the microcomputer 30, not illustrated, in 
the driving control circuit 19. 

[0229] The low pass filter 22 receives lu-lv from the differential amplifier 9, removes high frequency noise superposed 
thereon and thereafter outputs the signal to.the microcomputer 30. 
55 [0230] The Low pass filter 23 : is connected to the differential amplifier 8 and the microcomputer 30, not illustrated, 
in the driving control circuit 19. The low pass filter 23 receives the inter-cable voltage Vu-v of cables 3U and 3V from 
the differential amplifier 8, removes high frequency noise superposed thereon and outputs the signal to the microcom- 
puter 30. 
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[0231] Since the signal lu-lv outputted from the differential amplifier 9 and the signal Vu-v outputted from the differ- 
ential amplifier 9, are superposed with high frequency noise caused by switching the currents of the motor windings 
7U. 7V and 7W and the PWM control of these, the low pass filters 22 and 23 are used in this way to remove the high 
frequency noise and promote measurement accuracy. 

[0232] An explanation will be given of operation of the control apparatus 42 of the sensor-less brush-less motor 
constituted as described above. 

[0233] Further, an explanation will be given here only of a procedure of automatically measuring Rp The other 
operation of the control circuit 42 is the same as that of the control circuit 41 according to the fourth embodiment. 
[0234] In starting the motor 5, direct current is made to flow in the motor windings 7U and 7V in U -> V direction and 
inter-cable voltage of the cables 3U and 3V is measured by the differential amplifier 8. 

SS! 1 N ° iSe iS removed from ,ne volta 9e by the low pass filter 23 and the value is stored to the microcomputer 30 
[0236] Next, a value of current flowing in the cables 3U and 3V is measured by the differential amplifier 9 high 
frequency noise superposed on the value is removed by the low pass filter 22 and the value is stored to the microcom- 
puter 30. 

[0237] The microcomputer 30 calculates Rp by the following formula. 

Rp=(Vu-v)/(lu-lv) (8) 

[0238] The microcomputer 30 stores Rp calculated by Formula (8) and outputs Rp to the Rp signal setting circuit 14 
when the motors is operated. Further, the Rp is multiplied by lu-lv by the multiplier 10 and is used for calculating the 
magnetic flux predicting signal <f>u-v. ■ 
[0239] Further, in measuring Rp, the measurement accuracy can be promoted by making the transistor 21 d stay to 
bo switched on and controlling only the transistor 21 a by PWM control. 

[0240] Further, although lu-lv is calculated here by the differential amplifier 9, there may be constructed a constitution 
m which lu and Iv are respectively detected and a difference therebetween is calculated by the microcomputer 30 
[0241 ] Further, when there is installed a safety apparatus in which an alarm is outputted when the value of Rp provided 
as a result of the calculation exceeds a normal value range (for example, from 0.5 [Q] to 10 [a]) such that the motor 
5 is not driven, the safety can be promoted. 

[0242] According to the embodiment, the synthesized resistance value of the resistance values of the motor windings 
7U 7V and 7W and the resistance values of the cables 3U, 3V and 3W, is automatically measured in starting the motor 
5, the value is outputted to the multiplier 1 0 as Rp and therefore, it is not necessary to previously measure Rp by using 
a measuring instrument as in the control circuit of the conventional sensor-less brush-less motor. 
[0243] Therefore, although conventionatty, when the cables 3U, 3V and 3W are extended or the motor 5 is inter- 
changed by other motor at a site of using the sensor-tess brush-less motor, it is necessary to measure again Rp by 
using a measuring instrument, according to the control circuit 42 of the embodiment, such an operation is dispensed 

(Sixth Embodiment) 

[0244] Although according to the fourth embodiment, the impedance Lp of the motor windings 7U 7V and 7W is 
previously measured by a measuring instrument and stored to the microcomputer 30, according to the embodiment 
a description will be given of a case of automatically measuring Lp and storing the Lp to the microcomputer 30 
[0245] Fig. 14 is a block diagram showing a constitution of a control circuit 43 of a sensor-less brush-less motor 
according to the sixth embodiment of the invention. 

[0246] According to the control circuit 43 of the embodiment, the low pass filters 22 and 23 of the control circuit 42 
according to the fifth embodiment are replaced by low pass tillers 24 and 25 particularly for removing high frequency 
The other constitution is the same as that of the control circuit 42 and numerals the same as those of the control circuit 
42 are attached to the same constituent elements. 

[0247] According to the embodiment, in order to calculate the impedance of the motor windings 7U 7V and 7W 
there is used alternating current voltage of h igh frequency of, for example, about 1 [kHz]. Further, the alternating current 
voltage is controlled by a PWM control by the microcomputer 30, not illustrated, in the driving control circuit 19 and 
therefore, the alternating current voltage is superposed with noise of a PWM frequency, for example, 50 [kHz] Hence 
for example, by using the low pass filter having a cutoff frequency of 5 [kHz], noise caused by the 'p\NM control can 
be removed from a desired signal and measurement accuracy can be promoted. 

[0248] An explanation will be given of operation of the control circuit 43 of the sensor-less brush-less motor constituted 
as described above. 

[0249] In the state in which the rotor 6 is stopped, the motor windings 7U and 7V are applied with alternating current 
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voltage Vu-v having high frequency which the rotor 6 cannot nationally respond (for example. ft=1 [kHz]) in L) -» V 
direction. The rotor 6 cannot follow an inverting magnetic field produced by the motor windings 7U and 7V and does 

roasoi^Next. the differential amplifier 9 detects alternating current lu-lv at this occasion. The value is removed of high 
frequency noise by the low pass filter 25 and is stored to the microcomputer 30, not illustrated, in the dnvmg control 
c i re u it 

[0251] Meanwhile, the differential amplifier 8 detects inter-cable voltage of the cables.3U and 3V. The value is re- 
moved of high frequency noise by the low pass filter 24 and is stored to the microcomputer 30. 
[0252J The microcomputer 30 calculates Lp by Formula (9) as follows from the stored alternat.ng current voltage.Vu- 
v and the stored alternating current lu-lv. 

Lp=(Vu-v)/(2 x k>- ft x (lu-lv)) < 9 > 

[02531 The microcomputer 30 stores a value provided from Formula (9) as Lp. Further, when the motor 5 is operated 
he value is outputted to the Lp signal setting circuit 15. The Lp is multiplied by lu-lv by the mutt.pl, er -12 and ,s used 
in calculating the magnetic flux predicting signal fu-v. The other operation of the control c.rcutt 43 is the same as that 

m^r^rthTr whTn "here is installed a safety apparatus in which an alarm is outputted when a value of Lp provided 
as a result of the calculation exceeds a normal value range (for example, from 0[mH] to 1 [mH]) such that the motor 
5 is not driven, the safety can be promoted. , 
[0255? According to the embodiment, the impedance of the motor windings 7U. 7V and 7W is automat.cal.y measured 
in stopping the motor 5, the value isoutputted to the Lp signal setting circuit 1 5 as Lp and therefore, rt ,s not necessary 
to previously measure Lp by using a measuring instrument as in tho control circuit of the conventual. sensor-less 

mMei^herefore. although conventionally, when the motor 5 is interchanged by other motor, it. is necessary. to meas- 
ure again Lp by using a measuring instrument at a site of using the sensor-less bruslvless motor, according to the 
control circuit 43 of the embodiment, such an operation is dispensed.with, :„.,:»„«. 
[0257] Further, Rp can also be measured similar to the fifth embodiment by the constitute of the control c.rcu.t 43 
and both of Rp and Lp can automatically be measured. ,^.., or „„_. 

m2581 Further since Lp of a sensor-less brush-less motor used in a magnetic bearing type turbo molecular pump 
Eg S at high s'peed equal to or faster than; 300 rotations per second is small, the motor 5 can be opera ed 
by omitting to detect Lp and setting Lp previous* toa predetermined value (for example, severe, hundreds [uH]) and 
using the Lp. 

(Seventh Embodiment) 

[02591 According to the embodiment, an explanation will be given of a case of automatically measuring the inductance 
Lo of the motor windings 7U.7V and 7W by means different from that of the sixth embodiment. 
[0260r R 15 is a block diagram showing a control cl^.il44of a^r,fc«bru.h-^m^r^^to^ft 
Lbodirnent of the invention. The contro. circuit 44 is constituted by further adding a ^^^^X 
circuit 41 of the fourth embodiment. The sampling circuit 26 is connected to the integrator 1 and the m. 
30, not illustrated, in the driving contro. circuit. When the sampling circuit 26 ^ - J^^^ 
instruction from the microcomputer 30, the sampling circuit 26 samples a value of the output X of the integrator and 
transmits the sampling signal to the microcomputer .30 _ „„_„.,, w 

[0261] The other constitution is the same as that of the control circu.t 41 and therefore, the same numerals are 
attached to constituent elements the same as those of the control circuit 41 . nl , t , hppmhodimerlt 

[0262] Next, an explanation will be given of theoretical formulas constitutmg the bas.s m carrymg ou the jmb^ment. 
[0263] The output X of the integrator 1 sampled by the sampling circuit 26 is expressed by Formula (10) as follows. 

X=Lpx(lu-lv) + J Viu-vdt < 1 °) 

[0264] Here whencunentsof the motor windings 7U, 7 V and 7W are switched, the first term of L P x (lu-lv) of Formula 
10) is sionihcantlv changed however, change of the second term J, Viu-vdt is small. Further, the currents lu lv. and 
K ed o the motor 5 are controlled by PWM control by the driving contro. circuit. 1 9 such that the currents become 
Z — SU, in consideration of Formula (10), X (point 32) - X ^^.^r;- 
between two points represented by point 31 and point 32 on the waveform diagram of X of F,g. 1 2, is expressed by 
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Formula (11) as follows. " 

ti 

X (point 32) -X (point 31 )=Lpxip 

S2SL,rfn» ' C T°' C J rCUit 44 iS C ° nstitUted ^ on V adding the sampling circuit 26 to the controlling circuit 41 

[02661 n i Z c 9fam ° f C ° ntr01 drCUit 44 b6C0meS the Same as to'*" ^e control circuL 

[0266] Lp is expressed by Formula (12) from Formula (11) 

Lp=(X(point32)-X(point31))/lp (12) 

FifS fl 2? aiH'J hen 3 diff r nC 1 betWSen tW ° P ° intS eXpreSS6d by point 33 and P° int 34 °" t"e waveform of X of 
iment lII iTZZT* ?, " measurement accurac V can be promoted. According to the embod- 

iment, Lp « calculated by calculating the average value expressed by Formula (13) by the microcomputer 30. 

Lp=(X(point 32)-X(point 31)+X(point 33)-X(point 34))/2(2x lp) (13 ) 

20 I?!? eX P' anation wi " be of operation of the control circuit 44 of the sensor-less brush-less motor constituted 

^:;r ( ^^~~ — - ^ - — ■ POrtio „ s „ c= 

V dfrSti^ rh t,min9 ° f PO ' nt 31 ' tha ' iS ' immediatG 'y beforc swi *"ing current of the motor windings 7U and 7V in U _ 
*s J"T the t m ' crocon ;P uter 30 outputs the sampling signal outputting instruction to the sampUng circuit 26 and the 
In^Z 26 samples the output X (point 31) of the integrator 1 . Further, the microcomputer 30 rece ves X (po nt 
30) from the sampling circuit 26 and stores X (point 30). KP 
[0270] Next, similarly, the microcomputer 30 receives output X (point 32) of the integrator 1 via the samplina circuit 
and s^StoZ!).' that immedi8,ely afterSWitChi "9 ~< of ^e motor windings 7U and 7V fnU Tuition 

30 windings '^"^^^JSmS^^ °?1 5 ° f ^ inte9rat ° r 1 immedia ' e,y after SWitchin 9 ™™< of the motor 
Z ^ J therefore, a short t.me period until the noise vanishes (for example 50 u second) is 

SSSf ? 3 " timSr ° f the microc °t"P"ter 30 and thereafter, X (point 32) is sampled > 

0273 Furthers. ^ "m X ^ 8,8 8amp,8d ^ Va,ues ° f theS6 ars stored t0 the microcomputer 30 
[0273] Further, the set value of lp is stored to the microcomputer 30 

^ 3*2 and J?n5 **™™ com f> uter 30 calculates Lp by substituting the stored output X (point 31 ), X (point 32) X (point 
33) and X point 34) of the integrator 1 for Formula (1 3). The microcomputer 30 stores he Lp Further when he mot 

anH S ' T \V S °T tted t0 LP Si9nal Settin9 drCUit 15 ' Tae L P is mu 'tiplied by . ^ by th mu 

S t . Wnen tnare is instal,ed a safet y apparatus outputting an alarm when the value of Lp provided as a result of 
can TZ^T 3 n ° rmal Va,U6 T (, ° r GXamPle ' ° [mH] l ° 1 [mHl) SUCh that tha <«** 5 ia -tS: sale J 

45 7U 27 7i a^™ 7 5 emb ° d : ment ' " iS n0t " eCeSSa ^ t0 P^viously measure the impedance of the motor windings 
7U, 7V and 7W, further, even when the motor 5 is interchanged by other motor, it is not necessarv to measured 
impedance of the motor windings again, which is the same as that in the sixth embodiment 

(Eighth Embodiment) 

50 

T^LtT 0rdm V 0 'n 6 embodiment ' an explanation will be given of a case of automatically measuring the aynthe- 

Zc^;^ 3 :t: z th ri r si ? nce values of the mo,or windinss 7u - 7v and ™ »• vS, 

02791 Ac^dl ,n ,h k , o anCe LP ° f thS m0t ° r W,ndingS 7U ^ 7V and 7W b V s t»' other means. 
55 Lfli, ACC ? rdmg rf t0 the ^bodiment, R P and Lp are measured from a shift between the ROT signal when the rotor 
>5 is freely run at a certain rotational number and the ROTsignal immediately after supplying drive vol.ag thereto vote™ 
mduced ,n the motor winding when the rotor is freely run and the drive voltage ' 9 

[0280] Fig. 16 is a block diagram showing a constitution of a control circuit 45 of a sensor-less brush less motor 
according to the eighth embodiment of the invention. The centre, circuit 45 is constitute. Tby ZX*^ a cabTe 27 
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to the control circuit 41 of the fourth embodiment. The cable 27 transmits the output X of the integrator 1 to the micro- 
m computer 30, not illustrated, in the driving control circuit. 

[0281] The other constitution is the same as that of the control circuit 41 and therefore, the same numerals are 
attached to constituent elements the same as those of the control circuit 41 . 
5 [0282] Next, an explanation will be given of theoretical formulas constituting the basis of the embodiment. 

angular frequency of rotor = ay 
output of differential amplifier 9 lu-lv=l 

difference of voltage between motor windings 7U and 7V in driving motor 5 Vu-v=Vd 
10 actual value of induced electromotive force of motor winding in running rotor 6 freely Viu-v=Vir 

estimated value of induced electromotive force of motor winding in running rotor 6 freely Viu-v=Vie 

actual value of Rp = Rpr 

estimated value of Rp = Rpe 

actual value of Lp = Lpr 
is estimated value of Lp = Lpe 

phase difference of Vir and Vd = B1 

phase difference of Vir and Vie =62 

[0283] Here, estimated value Rpe of Rp and estimated value Lpe of Lp are assumed values stored to the microcom- 
20 puter 30. As initial values, Rpe=Lpe=0 and Rpr and Lpr are measured repeatedly by several times and are successively 

updated by an actual value of Rpr and an actual value of Lpr calculated at respective times. 

[0284] These relationships are represented by a voltage vector diagram as shown. by Fig. 17. 

[0285] A detected value of voltage is superposed with a number of high frequency noises and therefore, when Rpr 

and Lpr arc calculated from values produced by integrating the various amounts of Fig. 17, calculation accuracy is 
25 promoted. 

[0286] Fig. 18 is constituted by integrating various amounts of Fig. 17. Although when the various amounts of Fig. 
1 7 are integrated, the respective vectors are rotated by 90° in the counterclockwise direction, that is, the phases are 
retarded by 90° relative to the vector of voltage, Fig. 18 illustrates these by rotating these by .90° in the clockwise 
direction for making these easy to see. 
30 [0287] The following relationships are established from the vector diagram of Fig. 18. 

62=91 -arcsin (wxLpex lA/d) 
Vie/u)=Vdxcos(61-e2)/u>-Rpel/(o 
I x(Rpr-Rpe)/o>-(Vie-Vir*cos02)/o> 
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I x Lpr-I x Lpe=Vir x sin 92/03 
[d288] From the relationships, Formula (14) and Formula (15) are calculated as follows. 

Rpr=(Vie-VirxcosG2)/l+Rpe ( 14 ) 

Lpr=Virxsin02/(o>xl)+Lpe . (15) 



[0289] That is, when Vd/to, Vir/a> and 61 are measured, Rpr can be calculated by Formula (14) and Lpr can be 
calculated by Formula (15). 

[0290] An explanation will be given of operation of the control circuit 45 of the sensor-less brush-less motor as follows. 
55 [0291] As mentioned above, Rpe and Lpe stored to the microcomputer 30 are initialized such Rpe=Lpe=0. 

[0292] The rotor 6 is started from a stationary state by an open loop and accelerated to predetermined rotational 
speed u) (for example, 20 rotations per second). 

[0293] When the rotational number of the rotor reaches predetermined value o>, current supplied to the motor 5 is 
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instantaneously stopped and the rotor 6 is run freely. At this occasion, the actual value Vir of the induced electromotive 
power of the motor winding is calculated from the differential amplifier 8. The output of the integrator 1 is stored to the 
microcomputer 30 via the cable 27. 

[0294] Next, immediately after measuring Vir, current is successively supplied to the motor windings 7U 7Vand7W 
5 The difference Vd of voltage between the motor windings 7U and 7V at that occasion is measured by the differential 
amplifier 8. The output of the integrator 1 is stored to the microcomputer 30 via the cable 27. Further 61 is acquired 
simultaneously with the above-described operation of making ON/OFF current by a method explained later. 
[0295] Next, an explanation will be given of measurement of 61. 

[0296] When the rotor 6 is run freely, the microcomputer 30 receives the ROT signal as shown by Fig 19 from the 
io comparator 4, not illustrated, in the driving control circuit 1 9. 

[0297] The microcomputer 30 is provided with an inner timer (counting up, for example, at every 10 u second) and 
counts up pulses of the timer during a time period of rotating the rotor 6 by one rotation in synchronism with the ROT 
signal. For example, when the rotor 6 is rotated by one rotation for 0. 1 second, a count n umber Nr of the timer becomes 

'5 [0298] Immediately thereafter, the microcomputer 30 restarts counting from 0 at every time at which the count number 
of the timer becomes 1 000. The rotational number of the rotor 6 is substantially constant during the time period of free 
run and therefore, the ROT signal and the counting operation of the timer are synchronized with each other. 
[0299] Next, the microcomputer 30 stores a count number Ne at a point of switching the ROT signal when current 

^ restarts supplying to the motor windings 7U, 7V and 7W. Although the period of the ROT signal is substantially the 
same as the period of the ROT signal in free run as shown by Fig. 1 9, the phase advances by 61 . 
[0300] The microcomputer 30 calculates 9 1 from values of Nr and Ne. 

[0301 ] For example, when the count number Nr=1 000 and the count number Ne=900, the shift 01 between the ohases 
of Vir and Vd is calculated as follows. 
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61=(Nr-Ne) /Nr*:360 o =36° 



[0302] As described above, Vdto, Vir/io and 61 are calculated and therefore, the microcomputer 30 calculates Rpr 
and Lpr in accordance with Formula (14) and Formula (15). 
30 [0303] Next, the microcomputer 30 updates the values of Rpe and Lpe by the values of Rpr and Lpr. 

[0304] By repeating the above-described procedure by several times in starting the motor 5, more accurate Rpr and 
Lpr can be calculated. 

[0305] The control apparatuses calculates the magnetic flux predicting signal *u-v by Rpe and Lpe acquired by the 
above-described procedure and controls the motor 5 by the feedback control. The operation is the same as that of the 
JS fourth embodiment. 

[0306] Further, when there is installed a safety apparatus in which an alarm is outputted when values of Rpe and 

Lpe provided as a result of calculation exceeds a normal value range (for example, from 0.5 [«] to 10 [CI] and from mO 

imHj to 1 [mH]) such that motor 5 is not driven, the safety can be promoted. 
an f [ ,° 3071 J . Accordin 9 t0 the embodiment, Rpr and Lpr are automatically measured in starting the motor 5, the maqnetic 
lux predict.ng signal *u-v is calculated by the values and therefore, it is not necessary to previously measure Rpr and 

Lpr by using a measuring instrument as in the control circuit of the conventional sensor-less brush-less motor. 

[0308] Therefore, conventionally, at a site of using the sensor-less brush-less motor, when the motor5 is interchanged 

by other motor, it is necessary to measure again Rpr and Lpr by using a measuring instrument, however such an 

operation is dispensed with according to the control circuit 45 of the embodiment. 
* [0309] Further, according to the embodiment, by only installing further the cable 27 from the integrator 1 to the 

m.crocomputer 30, Rpe and Lpe can be measured and therefore, the circuit constitution is more simplified than those 

of the control circuits of the sixth embodiment and the seventh embodiment. 

[031 0] Further, although according to the embodiment, Rpr and Lpr are calculated by using the motor windings 7U 
50 „ ' embodiment is not restricted thereto but Rpr and Lpr can be measured by arbitrary motor windings 

[031 1] According to the embodiment, when starting time period is as long as about 3 through 10 minutes as in a 
magnetic levitation type turbo-molecular pump, 61 can be measured with small acceleration of the rotor and with hioh 
accuracy. a 



(Ninth Embodiment) 



[0312] According to the embodiment, by adding a function of temporarily nullifying the resistance value signal Rp 
and the inductance value signal Lp to the control circuit 41 according to the fourth embodiment (Fig 11) or the like a 
function the same as those of the control circuit 142 according to the second embodiment (Fig. 3) can be realized by 
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using the control circuit 41 . Thereby, the function of the control circuit 142 can also be used by the control circuit 41 
m added with the new function and the motor 5 can be operated from low speed rotation in which the PLL circuit 1 6 cannot 
be locked to steady-state rotation. Further the steady-state rotation refers to rotating the rotor at a predetermined 
rotational frequency (for example. 30.000 rotations per minute) in steady state. 
5 [0313] Fig. 21 is a diagram showing a constitution of a control circuit 47 according to the embodiment. The control 
circuit 47 is the same as the control circujt 41 according to the fourth embodiment (Fig. 11) except that the output of 
the Rp signal setting circuit 14 can be switched to either of the resistance value signal Rp or 0 and that the output of 
the Lp signal setting circuit 15 can be switched to either of the inductance value signal Lp and 0. 
[031 4] An explanation will be given of an outline of a constitution of the control circuit 47 as follows. 
10 [031 5] The motor driving circuit 1 7 constitutes current supplying means for supplying current to the motor 5. 

[0316] The RP signal setting circuit 14 : the differential" amplifier 9 f the multiplier 10 and the adder 11 , constitute 
resistance amount correcting means for correcting the resistance amount by subtracting a corrected value of a change 
in voltage produced by the synthetic resistance of the wirings from the power source apparatus and the motor windings 
7U . 7V and 7W from inter-cable voltage. . 
15 [0317] The differential amplifier 8 constitutes inter-cable voltage acquiring means for acquiring inter-cable voltage 
of the motor windings 7U and 7V. The integrator 1 constitutes magnetic flux signal acquiring means for acquiring a 
magnetic flux signal (which is a signal for predicting interlinking magnetic flux. of the motor windings 7U and 7V and 
therefore, is described as a magnetic flux predicting signa $ hereinafter) by integrating the inter-cable voltage. 
[0318] The Lp signal setting circuit 15 5 the differential amplifier 9 : the multiplier 12 and the adder 13 constitute reac- 
20 tance amount correcting means for correcting the magnetic flux predicting signal * by subtracting a change in voltage 
produced by reactance of the motor windings 7U and 7V of the multiplier from the output of the integrator 1 . 
[031 9] The comparator 4 constitutes magnetic pole position acquiring means. The phase of the magnetic flux pre- 
dicting signal * is provided with a corresponding relationship with the positions of the magnetic poles of the rotor 6 and 
therefore, by detecting the phase of the magnetic flux signal 4>, the positions of the magnetic poles can be detected. 
25 Hence, the comparator 4 can detect the positions of the magnetic poles by detecting a point at which the phase of the 
magnetic flux predicting signal <* becomes 2mc or (2n-1)n by comparing the ground level and the magnetic flux signal 
<j>. Incidentally, notation n designates an integer. 

[0320] Meanwhile, the Rp signal setting circuit 14 selectively outputs two values of the resistance value signal Rp 
(=Rc4-Ru=Rc+Rw=Rc+Rv) and null by the signal from the microcomputer 30. 
30 [0321] Further, the Lp signal setting circuit 15 also outputs selectively two values of the inductance value signal Lp 
(=Lu=Lw=Lv) and null by the signal from the microcomputer 30. 

[0322] When both of the outputs of the Rp signal setting circuit 14 and the Lp signal setting circuit 15 are set to-null, 
both of the outputs of the multiplier 12 and the multiplier 10 become null and there can be realized a circuit having a 
constitution the same as that of the circuit constituted by the differential amplifier 103, the direct current cut filter 102, 
35 the integrator 1 01 and the comparator 1 04 of the control circuit 1 42 according to the second embodiment. For example, 
when a case in which the control circuit 47 operates similar to the control circuit 142 is defined as a first mode and a 
case in which the control circuit 47 operates similar to the control circuit 41 , is defined as a second mode, the control 
circuit 47 operates by the second mode by outputting the resistance value signal Rp and the impedance value signal 
Lp and is operated by the first mode by nullifying the signals. 
40 . [0323] The microcomputer 30 monitors the rotational frequency of the rotor 6 by, for example, the ROT signal received 
from the comparator 4. . . . 

[0324] The ROT signal outputted by the comparator repeats Hi and Lo at every rotation of the rotor 6 in synchronism 
with the rotation of the rotor 6 and therefore, by counting rise or fall of the ROT signal per unit time, the rotational 
frequency of the rotor 6 can be calculated. 
45 [0325] The microcomputer 30 makes the Rp signal generating circuit 1 4 and the Lp signal generating circuit 1 5 output 
respectively the resistance value signal Rp and the inductance value signal Lp when the calculated rotational frequency 
or the rolor 6 is larger than a predetermined value (30 [Hz] in acceleration, 60 [Hz] in deceleration). In this .case, since 
the resistance value signal Rp and the inductance value signal Lp are outputted s the circuit constitution is the same 
as that of the control circuit 41. 
so [0326] Further the microcomputer 30 operates the motor 5 similar to the fourth embodiment. That is, the comparator 
4 generates the ROT signal from the magnetic flux predicting signal * and the PLL circuit 1 6 generates the 1 2xf ROT 
signal from the ROT signal. Further, the microcomputer 30 makes ON/OFF the transistors 21a, 21b, 21c, 21d, 21e, 
21 f of the motor driving circuit 17 in synchronism with the 12xf ROT signal and makes three-phase alternating current 
flow to the motor windings 7U, 7V and 7W to thereby rotate the rotor 6 (second mode). 
55 [0327] The microcomputer 30 nullifies the outputs of the Rp signal generating circuit 14 and the Lp signal generating 
circuit 1 5 when the calculated rotational frequency of the rotor 6 is smaller than the predetermined value. In this case, 
the outputs of the multipliers 10 and 12 are nullified and therefore, the circuit constitution becomes the same as that 
of the control. circuit 142. 
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[0328] Further, the microcomputer 30 operates the motor 5 similar to the second embodiment. That is, in synchronism 
with the ROT signal outputted from the comparator 4, the transistors 21b, 21c. 21e arid 21f are made ON/OFF and 
current is made to flow alternately in V -» W direction (when the driving voltage vector 3 is outputted) and in W -» U 
direction (when the driving voltage vector 5 is outputted) to thereby rotate the rotor 6 (first mode) 
[0329] In this way, the microcomputer 30 constitutes selecting means for selecting the first mode and the second 
mode in accordance with the rotational frequency of the rotor 6 and also constitutes correction nullifying means for 
nullifying correction by the adders 11 and 13 by nullifying the resistance value signal Rp and the inductance value 
signal Lp when the motor 5 is driven by the first mode. 

[0330] Further, the microcomputer 30 constitutes also drive timing acquiring means of the driving voltage vectors 
acquires a drivetiming (first drive timing) of the driving voltage vectors from the ROT signal of the comparator 4 in the 
first mode and acquires a drive timing (second drive timing) from the 12xf ROT signal of the PLL circuit 16 in the 
second mode. Further, the microcomputer 30 constitutes first driving voltage vector outputting means for making the 
transistors 21b, 21c, 21 e and 21 f ON/OFF in accordance with the first mode by the first drive timing and the second 
dnving voltage vector outputting means for making the transistors 21 a, 21 b, 21 c, 21 d. 21e and 21 f ON/OFF in accord- 
's ance with the second mode by the second drive timing. 

[0331 ] Fig. 22 is a diagram showing a relationship between operation modes of the control circuit 47 and the rotational 
frequency of the rotor 6 according to the embodiment. 

[0332] A case in which the control circuit 47 operates similar to the control circuit 142 and the rotor 6 is accelerated 
or rotated by steady-state rotation is referred to as 2-phase acceleration mode and a case in which the rotor 6 is 
conversely decelerated is referred to as 2-phase deceleration mode. Further, when the two cases are not discriminated 
from each other, the cases are simply referred to as 2-phase mode. ' 

[0333] Further, a case in which the control circuit 47 operates similar to the control circuit 41 and the rotor 6 is 
accelerated or rotated by steady-state rotation, is referred to as 3-phase acceleration mode and a case in which the 
rotor 6 ,s conversely decelerated is referred to as 3-phase deceleration mode. Further, when the two cases arc not 
discriminated from each other, the cases are simply referred to as 3-phase mode. 

[0334] The 2-phase deceleration mode and the 3-phase deceleration mode are respectively constituted by reversing 
directions of field of the 2-phase acceleration mode and the 3-phase acceleration mode. That is. the phase of the field 
is shifted by 180 degree. 

[0335] When polarity of field is reversed in this way, as explained later, the field generates torque in a reverse direction 
30 of the rotation of the rotor 6. 

[0336] There are eight kinds of <1> through <8> shown in Fig. 22 in switching the modes 

[0337] The mode switching of <1> shows a case in which while the rotor 6 is being accelerated in the 2-phase 
acceleration mode, the mode is switched and the rotor 6 is decelerated in the 2-phase deceleration mode and stopped 
>or example, this is a case in which a user stops the motor 5 when the rotational frequency is smaller than 30 [Hz] 

?no e oo S , tart A n9 t0 r ° tate thS r ° t0r 6 ° r a Case in which the motor 5 is st °PP ed b y operating a safety apparatus thereof 
[0338] Hereinafter, similarly, the mode switching of <2> is a case of switching from the 2-phase deceleration mode 
to the 2-phase acceleration mode. The mode switching of <3> is a case of switching from the 2-phase acceleration 
mode o the 3-phase acceleration mode. The mode switching of <4> is a case of switching from the 3-phase acceleration 
mode o the 2-phase deceleration mode. The mode switching of <5> is a case of switching from the 2-phase deceleration 
mode o the 3-phase acceleration mode. The mode switching of <6> is a case of switching from the 3-phase deceleration 
mode o he 2-phase deceleration mode. The mode switching of <7> is a case of switching from the 3-phase acceleration 
mode to the 3-phase deceleration mode. The mode switching of <8> is a case of switching from the 3-phase deceleration 
mode to the 3-phase acceleration mode. 

[0339] The control circuit 47 according to the embodiment constitutes as described abovS operates as follows Fur- 
ther an explanation will be given here of a case in which the rotor 6 is rotated from a stationary state of steady-state 
rotation (for example, 30,000 rotations per minute) via the 2-phase acceleration mode and the 3-phase acceleration 
mode and thereafter deceleraled by the 3-phase deceleration mode and the 2-phase deceleration mode and is stopped 
That ,s, ,n acceleration, when the rotational frequency of the rotor is 30 [Hz], the mode switching of <3> is carried out 
and in deceleration, at 60 [Hz], the mode switching of <6> is carried out. 

[Case of accelerating from stationary state to steady-state rotation] 

[0340] The control circuit 47 starts the motor 5 by the 2-phase acceleration mode. That is, the microcomputer 30 
nullifies the outputs of the Rp signal setting circuit 14 and the Lp signal setting circuit 15 and thereafter makes ON/ 
OFF the transistors ,21b, 21c, 21 e and 21f of the motor driving circuit 17 to thereby alternately output the driving voltage 
vector 3 and the dnvmg voltage vector 5. When the transistors 21c and 21f are made ON, the driving voltage vector 3 
.s outputted to the motor windings 7V and 7W and when the transistors 21 e and 21 b are made ON. the driving voltage 
vector 5 is outputted to the motor winding 7W and 7U ' 9 9 
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[0341] Further Fig 23 shows a relationship among numerals of the driving voltage vectors, directions of current 
* J flowing in the motor windings 7U. 7V and 7W and the transistors 21a, 21b, 21c, 21 d, 21 e and 21 f for switching. For 
example, as is apparent from Fig. 23, when the driving voltage vector 1 is outputted. a direction of current supplied by 
the motor driving circuit 1 7 is a direction from the motor winding 7U to the motor winding 7V and the transistors which 
5 are switched ON are the transistors 7a and 7d. The relationship among other diving voltage vectors, directions of 
current and the transistors which are switched ON can be similarly read from Fig. 23. 

[0342] Immediately after starting the motor 5, the microcomputer 30 alternately outputs the driving voltage vectors 
3,5 at a low frequency near to DC. Then, the rotor 6 is attracted to the magnetic field and starts rotating. When the 
rotational frequency of the rotor becomes about 1 [Hz], the magnetic flux predicting signal 4 can be outputted and the 

10 comparator 4 can output the ROT signal. 

[0343] The microcomputer 30 alternately outputs the driving voltage vector 3 and the driving voltage vector 5 by 
making ON/OFF the transistors 21 b, 21 c, 21 e and 21 f in synchronism with the ROT signal received from the comparator 
4. Further, when the ROT signal is Hi, the driving voltage vector 5 is outputted and when the ROT signal is Lo, the 
driving voltage vector 3 is outputted. When the rotational frequency of the rotor 6 becomes about 1 [Hz] in this way, 

15 the outputs of the driving voltage vectors 3 and 5 can be controlled by a feedback control by detecting the positions of 
the magnetic poles of the rotor 6. 

[0344] The rotation of the rotor 6 is accelerated by the above-described control. Further, when the microcomputer 
30 detects that the rotational number of the rotor reaches 30 [Hz] from the ROT signal, all of the transistors of the motor 
driving circuit 17 are made OFF to thereby make Ihe motor driving circuit 17 pause instantaneously for about 10 [p. 
20 second] to 0.1 [second] and thereafter the motor shifts to the 3-phase acceleration mode. This, is for preventing the 
transistors 21a, 21b, 21c, 21 d, 21 e and 21 f from being shortcircuited in thennode switching. 

[0345] When the microcomputer 30 shifts to the 3-phase acceleration mode, the microcomputer 30 makes the Rp 
signal setting circuit 14 and the Lp signal setting circuit 15 respectively output the resistance value signal Rp and the 
inductance value signal Lp and starts supplying the . driving voltage vectors 1 through 6 to the motor windings 7U, 7V 
25 and 7W by making ON/OFF the transistors 21a, 21b, 21c, 21 d, 21 e and 21 f of the motor driving circuit 17. 

[0346] The magnetic flux predicting signal 4 is provided from the adder 13 and the ROT signal is provided from the 
comparator 4 thereby. The PLL circuit 16 generates the 12xf ROT signal from the ROT signal received from the 
comparator 4. 

[0347] The microcomputer 30 receives the 12xf ROT signal from the PLL circuit 13 and controls to switch current 
30 supplied to the motor windings 7U.7V and 7W by a feedback control similar to the fourth embodiment. 

' [0348], The rotor 6 is accelerated to about 30,000 rotations per minute by the above-described 3-phase acceleration 
mode and carries out steady-state rotation. 

[Case of decelerating to stop from steady-state rotation] 
35 " . 

[0349] When the motor 5 is stopped, the motor 5 is braked by operating the magnetic field generated by the motor 
windings 7U, 7V and 7W to the magnetic poles of the rotor 6. First, an explanation will be given of a method of decel- 
erating the rotor 6. 

[0350] Fig. 24 illustrates drawings for explaining mechanism of decelerating the rotor 6 by the field. 

40 [0351] Fig. 24A is a view showing a case of accelerating the rotor 6. The rotor 6 is rotated in the clockwise direction 
with respect to the paper face. Magnet poles disposed above and below the rotor 6 schematically represents the field 
generated by the motor windings 7U, 7V and 7W. In the case of Fig. 24A, it is shown that the field by the motor windings 
7U. 7V and 7W is formed toward an upper side of the paper face. - 
[0352] When the field generated by the magnetic poles of the rotor shaft 6 and the motor windingsTU, 7V and 7W 

45 is in the relationship as shown by the drawing, that is, when the field for attracting the magnetic poles of the rotor shaft 
6 is formed in a direction of rotating the rotor shaft 6, the rotor shaft 6 is accelerated. 

[0353] Meanwhile, when the field is formed, such that the magnetic poles of the rotor shaft 6 are repulsed in the 
direction of rotating the rotor shaft 6 as shown by Fig. 24B, the rotor shaft 6 is decelerated. 

[0354] It is known from the above-described survey that when the rotor shaft 6 is decelerated, the driving voltage 
50 vectors in directions reverse to those of the driving voltage vectors outputted in acceleration may be outputted in 
synchronism with the ROT signal in the case of the 2-phase deceleration mode and in synchronism with the 1 2xf ROT 
. signal in the case of the 3-phasc deceleration mode. 
[0355] In the case of stopping the rotor 6 in steady-state rotation (about 30,000 rotations per minute), the microcom- 
puter 30 switched from the 3-phase acceleration mode to the 3-phase deceleration mode. Further, the microcomputer 
55 30 supplies predetermined gate signals to the transistors 21a, 21b, 21c, 21d, 21e and 21f based on the 12xf ROT 
signal outputted from the PLL circuit 1 6 and successively switches current of the motor windings 7U, 7V and 7W. In 
this case current supplied to the motor windings 7U, 7V and 7W is in a direction reverse to that of the 3-phase accel- 
eration mode. Fo/example, in the case of the 3-phase acceleration mode, in reference to Fig. 12, at the moment of 
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rise of the ROT signal constituting an onset of the 12xf ROT signal, the transistors 21c and 21b are made ON and 
current is made to flow in V -4 U direction (driving voltage vector 1 ). In order to direct the field generated by the motor 
windings 7U and 7V in the reverse direction, current may be made to flow in U -4 V direction (driving voltage vector 
4). For that purpose, the microcomputer 30 may make the transistors 21a and 21 d ON. 

[0356] In this way, the microcomputer 30 decelerates the rotor 6 by supplying current in directions reverse to the 
case of the 3-phase acceleration mode to the motor windings 7U, 7V and 7W in synchronism with the 12xf ROT signal. 
[0357] The microcomputer 30 monitors the rotational frequency of the rotor 6 by the ROT signal outputted by the 
comparator 4 and switches the control mode of the motor driving circuit 1 7 from the 3-phase deceleration mode to the 
2-phase deceleration mode when the microcomputer 30 detects that the rotational frequency of the rotor 6 is reduced 
to 60 [Hz]. Also in the mode switching, the motor driving circuit 1 7 is instantaneously made to pause in order to prevent 
the transistors 21a, 21b, 21c, 21d, 21 e and 21 f from being shortcircuited. 

[0358] The microcomputer 30 nullifies both of the outputs of the Rp signal setting circuit 1 4 and the Lp signal setting 
circuit 15 when the 2-phase deceleration mode is brought about and alternately outputs the driving voltage vector 3 
and the driving voltage vector 5 by making ON/OFF the transistors 21b, 21c, 21 e and 21 f. However, contrary to the 
case of the 2-phase acceleration mode, the driving voltage vector 3 is outputted when the ROT signal is Hi and the 
driving voltage vector 5 is outputted when the ROT signal is Lo. 

[0359] As described above, the rotor 6 is swiftly stopped by using both of the 3-phase deceleration mode and the 
2-phase deceleration mode. 

[0360] According to the embodiment described above, the following effect can be achieved. 

[0361] Since the function of the control circuit 142 according to the second embodiment (Fig. 3) is realized by using 
portions of the control circuit 41. according to the fourth embodiment (Fig. 11), by using the control circuit 47, even 
when the rotor 6 is rotated at the rotational frequency equal to or lower than the frequency at which the rotor6 can 
lock the PLL circuit 1 6 (for example, about 20 [Hz]), the field can be controlled by the feedback control by detecting 
the positions of the magnetic polos, further, when the motor 5 is operated in-steady state, even in the case of causing 
rapid variation of load, the operation can be maintained without bringing the motor 5 into out of phase. 
[0362] Therefore, not only the time period of starting the motor 5 can be shortened but also the stability in steady- 
state operation can be promoted. 

[0363] Further, either of starting and steady-state operationof the motor 5 can be controlled by the single control 
circuit 47 and therefore, it is not necessary to add the control circuit 142 to the control circuit 41 and the fabrication 
30 cost can be reduced. 

[0364] Although according to the. embodiment, the magnetic flux predicting signal <|> outputted from the integrator 1 
is inputted to the comparator 4 via the adder 1 3, when the direct current cut filter is inserted between the adder 1 3 and 
the comparator 4, the operation of the control circuit 47 can further be stabilized by the following reason. 
[0365] According to the 2-phase mode, the signal outputted from the Lp signal setting circuit 15 is nullified and 
therefore, the output of the multiplier 12 is to be nullified theoretically. However, since the multiplier 12 is fabricated by 
combining various elements such as operational amplifiers, by properties of the elements, even when the inductance 
value signal Lp is nullified, there is a case in which effset voltage (direct current) is outputted from the multiplier. 
[0366] Therefore, there is a case in which in the 2-phase mode, a direct current component is superposed on the 
magnetic flux predicting signal (j> outputted from the adder 13. Meanwhile, the comparator 4 compares the level of the 
magnetic flux predicting signal and the ground level and therefore, when the magnetic flux predicting signal $ is offset 
the comparator 4 cannot operate pertinently. Hence, when the direct current cut filter is inserted between the adder 13 
and the comparator 4 to thereby remove the direct current component superposed at the adder 13, the comparator 4 
can be operated further pertinently. 

[0367] The direct current cut filter inserted between the adder 1 3 and the comparator 4 may stay to be attached even 
when the control circuit 47 is operated in the 3-phase mode. This is because it is preferable that the magnetic flux 
predicting signal $ inputted to the comparator 4 is removed of the direct current component and therefore, even when 
the direct current cut filter is provided on the input side of the comparator 4, no adverse influence is effected and further 
when the output of the multiplier 12 is provided with a direct current component in the 3-phase mode by properties of 
elements or the like, the direct current component can be removed. 

(Modified Example 1 of Ninth Embodiment) 

[0368] Fig. 25 is a drawing showing a constitution of a control circuit 49 according to the modified example In the 
2-phase mode, the control circuit 49 nullifies only the output of the Lp signal setting circuit 1 5 and outputs the resistance 
value signal Rp from the Rp signal setting circuit 1 4 regardless of the modes and the other circuit constitution is similar 
to that of the control circuit 47. When the resistance value signal Rp is outputted in the 2-phase mode, the characteristic 
of the control circuit 47 immediately after starting can be promoted by the following reason. 

[0369] The direct current cut filter. 2 (Fig. 21) is constituted by combining, for example, a high pass filter and an 
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integrator and is normally provided with an integration characteristic. Therefore, a delay is caused in response to an 
inputted signal and even when the input signal is rapidly changed, the direct current cut filter 2 cannot follow thereto 
immediately. 

[0370] Therefore, during a predetermined time period immediately after starting the control circuit 47 (about 1 sec- 
5 ond), the direct current cut filter 2 cannot sufficiently cut the direct current component and the direct current component ^ 
is outputted to the integrator 1 . 

[0371 ] Meanwhile, the adder 1 1 subtracts the output of the multiplier 1 0 (direct current component of the differential 
amplifier 8) from the output of the differential amplifier 8: That is, by inputting the output of the multiplier 10 to the adder 
1 1 , the direct current component of the output of the differential amplifier 8 is eliminated. 

10 [0372] Meanwhile, in the 2-phase mode, even when the resistance value signal Rp is outputted from the Rp signal 
setting circuit 14 to the multiplier 10, the output of the multiplier 10 is originally for eliminating the direct current com- 
ponent of the differential amplifier 8 and therefore, no influence is effected to operation of the motor 5. That is, the 
direct current component is removed from the output of the differential amplifier 8 by the adder 11 and the direct current 
component is further removed by the direct current cut filter 2. Further the direct current component is eliminated by 

15 the adder 11 immediately after starting the motor 5., 

[0373] Fig. 26 illustrates diagrams for explaining a difference of outputs of the direct current cut filter 2 by presence 
or absence of the output of the resistance value signal Rp. 

[0374] Fig. 26A is a diagram showing a direct current component outputted from the differential amplifier 8, the 
ordinate designates voltage and the abscissa designates time. When the control circuit 47 is started at time 11, the 
20 signal is outputted from the differential amplifier 8 and the signal includes the direct current component. That is, as 
shown by the drawing, when the control circuit 47 is started, the direct current component 81 appears from the differ- 
ential amplifier 8 in a step-like shape. 

[0375] Fig. 26B is a diagram showing the direct current component of the signal outputted from. the direct current 
cut filter 2 when the output of the Rp signal setting circuit 14 is nullified and the output of the multiplier 10 is nullified, 
25 the ordinate designates voltage and the abscissa designates time. The original point of the time axis is aligned to that 
of Fig. 26A. 

[0376] As shown by Fig. 26B, when the output of the multiplier 10 is nullified, the direct current component 82 is 
outputted immediately after starting the control circuit 47 and is attenuated after a predetermined time period. 
[0377] Fig. 26C is a diagram showing the direct current component of the signal outputted from the direct current 
30 cut filter 2 when the resistance value signal Rp is outputted from the.Rp signal setting circuit 1 4. The ordinate designates 
voltage and the abscissa designates time. The original point of the time axis is aligned to that of Fig. 26A. 
[0378] As is shown by Fig..26C, in this case, the direct current cut filter 2 can cut the direct current. component 
immediately after starting the control circuit 47. 

[0379] As described above, in the 2-phase mode, by outputting the resistance value signal Rp from the Rp signal 
35 setting circuit 1 4, the direct current component from the direct current cut filter 2 immediately after starting the control 
circuit 47 can be restrained from outputting. 

[0380] In this way, according to the modified example, the characteristic of the control circuit 47 immediately after 
starting can be promoted. 

40 (Modified Example 2 of Ninth Embodiment) 

[0381] As has been explained in the modified example 1 of the ninth embodiment, there are eight kinds of switching 
between the 2-phase mode, and the 3-phase mode (Fig. 22). It has been newly found that there is a case in which 
among the eight kinds, in switching from the 2-phase mode to the 3-phase mode, that is, in the mode switching of <3> 

45 and<5>, the magnetic flux predicting signal* outputted from the adder 13 (Fig. 21) becomes unstable. 

[0382] ' According to the modified example, in order to promote the stability of the magnetic flux predicting signal ^ 
when the mode is switched from the 2-phase mode to the 3-phase mode, small current to a degree of not effecting 
influence on the torque of the rotor 6 is conducted to the motor windings 7U, 7V and 7W for.a predetermined time 
period (about 1 through 5 seconds). 

so [0383] First, an explanation will be given of operation of the magnetic flux predicting signal <|> when small current is 
not conducted to the motor windings 7U, 7V and 7W in switching the mode from the 2-phase mode to the 3-phase mode. 
[0384] Fig 27 is a diagram showing changes of the direct current component of the signal of the differential amplifier 
8, the magnetic flux predicting signal $ and current Iw of W-phase after the mode is switched form the 2-phase decel- 
eration mode to the 3-phase acceleration mode after a pause time period (mode switching of <5>) and the abscissa 

55 designates time. The microcomputer 30 provides a predetermined pause time period (about 10 u second through 0 ; 1 
second) between the 2-phase mode and the 3-phase mode in order to prevent the transistors 21a, 21b, 21c, 21 d : 21 e 
and 21 f from being shortcircuited when the mode is switched from the 2-phase deceleration mode to the 3-phase 
acceleration mode. 
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[0385] When the microcomputer 30 drives the motor 5 by the 3-phase mode after the pause time period, a variation 
(offset) 71 of the direct current component of the signal appears in the differential amplifier 8. The variation is caused 
by a dispersion in the characteristic of the motor 5 or the circuit element. 

[0386] The direct current cut filter 2 is provided with integrating operation and therefore, a time period is required to 
some desree ,or cut,m 9 the variation 71 of the direct current voltage. Therefore, immediately after the variation 71 of 
J the dlrect curren « voltage has appeared, the variation cannot sufficiently be cut and accordingly, the integrator 1 inte- 

grates the direct current component. As a result, the magnetic flux predicting signal cj. is fluctuated. When the operation 
is carried out in the 3-phase mode based on the fluctuated magnetic flux predicting signal «>, there is a case in which 
phases of conducting the motor windings 7U, 7V and 7W cannot be switched by correct timings and the acceleratinq 
operation cannot be carried out regularly. 

[0387] Notation 72 designates the magnetic flux predicting signal $ and notation 73 designates an envelope of the 
magnetic flux predicting signal <j>. As is shown by the drawings, when the mode is switched to the 3-phase acceleration 
mode, the magnetic flux predicting signal cj> is significantly fluctuated positively and negatively and the fluctuation does 
not attenuate swiftly. 

[0388] Meanwhile, current is supplied to the motor windings 7U, 7V and 7W as follows. Notation 74 designates Iw 
and notation 75 designates an envelope of Iw. As shown by the drawing, when the mode is switched from the 2-phase 
mode to the 3-phase mode, the microcomputer 30 temporarily nullifies Iw (also lu, Iv) to thereby make the motor driving 
circuit 17 pause and thereafter increases gradually the amplitude of Iw in synchronism with the ROT signal generated 
from the magnetic flux predicting signal <}> and shifts to the 3-phase mode. 

[0389] Meanwhile, since the comparator 4 generates the ROT signal by comparing the level of the magnetic flux 
predicting signal <(. and the ground level, when the magnetic flux predicting signal 4. is fluctuated, the ROT signal does 
not co.nc.de with the positions of the magnetic poles of the rotor 6 and Iw is not conducted to the correct phase as 
shown by a portion designated by notation 76. 

[0390] It seems that the fluctuation of the magnetic flux predicting signal <|> is not swiftly converged because new 
fluctuation of the magnetic flux predicting signal <). is caused by supplying current of the 3-phase acceleration mode to 
the motor 5 before converging the fluctuation of the magnetic flux predicting signal 4> by the variation 71. 
[0391] Next, an explanation will be given of operation of the magnetic flux predicting signal A when small current is 
conducted to the motor windings 7U, 7V and 7W before switching the mode from the 2-phase mode to the 3-phase 
mode. 

30 [0392] Fig. 28 is a diagram showing changes of the direct current component of the differential amplifier 8 the mag- 
netic flux predicting signal 4> and current Iw of W-phase in this case. a 
[0393] According to the example, when the mode is switched from the 2-phase deceleration mode (section 51 ) to 
the 3-phase acceleration mode (section 55), the microcomputer 30 temporarily makes OFF current supply to the motor 
5 by the motor driving circuit 1 7 (section 52, time period is about 1 0 p second through 0.1 second) and thereafter small 
current of three phases to a degree of not effecting influence on the torque of the motor 5 is supplied to the motor 5 
for a constant time period (about 1 second through 5 seconds) (section 53). Thereafter, the microcomputer 30 gradually 
increases the current value of the 3-phase current (section 54) and shifts to the 3-phase mode (section 55) 
[0394] Further, the magnitude of Iw in the 3-phase acceleration mode is about 6 [A) and the magnitude of the 3-phase 
small current is about 0.1 through 0.5 [A]. 

[0395] When the microcomputer 30 starts conducting the 3-phase small current, a variation 58 is caused in the direct 
current component of the signal outputted from the differential amplifier 8. Then, although fluctuation of the magnetic 
flux predicting signal <|> is caused (section 57), the fluctuation is swiftly converged during the time period of conductinq 
the phase small current. ' . 

[0396] Although the variation 58 of the direct current component is caused at a time point of starting the 3-phase 
mode, according to the example, large 3-phase current is not supplied to the motor 5 until the variation of the magnetic 
flux predicting signal 4. is converged and therefore, new fluctuation of the magnetic flux predicting signal d> caused by 
current supplied to the motor windings 7U, 7V and 7W is not caused, as a result, the fluctuation of the magnetic flux 
predicting signal 4 can swiftly be converged. 

[0397] Further, although in the above-described, an explanation has been given of the case in which the mode is 
switched from the 2-phase deceleration mode to the 3-phase acceleration mode, even when the mode is switched 
from the 2-phase acceleration mode to the 3-phase acceleration mode, by supplying small three-phase current to the 
motor 5 after a predetermined pause time period, the fluctuation of the magnetic flux predicting signal 4 can swiftly bo 
converged. . . 

[0398] According to the above-described modified example, the stability of the control circuit 47 in shifting from the 
2-phase mode to the 3-phase mode can be increased, as a result, the rotor 6 can normally be accelerated. 
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WI (Modified Example 3 of Ninth Embodiment) 

[0399] . According to the embodiment, the magnetic flux predicting signal * is made to pass the direct current cut filter 
before inputting to the comparator 4 and the cutoff frequency of the direct current cut filter is switched by whether the 

5 rotor shaft 5 is rotated at low speed or at high speed. 

[0400] As described in the ninth embodiment/there is a case in which in the control circuit 47, even when the output 
of the Lp signal setting circuit 15 is nullified, the multiplier 12 outputs offset voltage which is not nullified, as a result, 
the direct current component is superposed on the magnetic flux predicting signal * outputted by the adder 1 3. Hence 
by inserting the direct current cut filter between the adder 13 and the comparator 4, the direct current component 

10 superposed on the magnetic flux predicting signal <t> can be removed. ' 

[04011 Meanwhile, since the control circuit 47 controls the motor 5 by the feedback control by the magnetic flux 
predicting signal * from start of the rotor 6 to steady-state rotation, it is necessary for the direct current cut filter to pass 
. ' even the magnetic flux predicting signal * having a small frequency of about 1 [Hz] in the rotational frequency. 

[0402] Meanwhile, the direct current cut filter is formed by using, for example, a high pass filter. Therefore, according 

is to the frequency characteristic of a circuit combined with the direct current cut filter 2 and the integrator 1 , as explained 
later there is a case in which when the cut-off frequency is reduced, the gain is increased and even small direct curren 
noise is also amplified. When the direct current noise is amplified by the circuit combined with the direct current cut 
filter 2 and the integrator 1 , the comparator 4 cannot output the ROT signal correctly. 

[0403] Hence according to the modified example, the direct current cut filler is inserted between the adder 13 and 
20 . the comparator 4 and the cutoff frequency of the direct current cut filter is switched by whether the rotor 6 is rotated at. 
low speed or at high speed to thereby generate more pertinent magnetic flux predicting signal +. 
[0404] The direct current cut filter used in the modified example is constituted by a high pass filter. Therefore the 
frequency characteristic (gain-frequency characteristic) of.the circuit combined with the direct current cut filter and the 
integrator is constituted by adding the frequency characteristic of the high pass filter and the frequency characteristic 

25 of the integrator. „ 

[0405] An explanation will be given of the frequency characteristics of these in reference to Fig. 29 as follows. 
[0406] Fig. 29A is a diagram showing frequency characteristics when a cutoff frequency of the high pass filter having 
variable cutoff. frequency is set to f1 and f2. 

[0407] When the cutoff frequency is f 1 , as shown by a curve 62, the gain is increased rapidly from a low frequency 
30 side to the frequency f1 and at frequencies larger than the frequency 11 , the gain is saturated to a predetermined 

constant value. . . . ' ... . 

[0408] Similarly, when the cutoff frequency is f 2 (f 2>f 1 ). as shown by a curve 61 , the gam is increased- rapidly f om 
a low frequency side to the frequency f2 and at frequencies larger than the frequency f2 ; the gain is saturated to a 
predetermined constant value. '. ...._„ 

35 [0409] Fig. 29B is a diagram showing a frequency characteristic of the integrator. As shown by a straight line 63,.the 
qain of the integrator is linearly reduced as the frequency increases. 

[0410] Fig 29C is a diagram of a frequency characteristic of the circuit combined with the direct current cut f liter and 
the integrator. Since the direct current cut filter is formed by the high pass filter, the gain of the circuit combined with 
the direct current cut filter and the integrator is constituted by adding the frequency characteristic of the high pass filter 
40 and the frequency characteristic of the integrator.. 

[0411] According to the frequency characteristic of the circuit combined with the direct current cut filter and the 
integrator when the frequency characteristic of the high pass filter is represented by the curve 61 , as shown by a curve 
64 the gain becomes a maximum at the cutoff frequency f2 and when the frequency characteristic of the high pass 
filter is represented by the curve 62, as shown by a curve 65, the gain becomes a maximum at the cutoff frequency f 1 
45 [04121 As is apparent from Fig. 29C, when the cutoff frequency of the circuit combined with the direct current cut 
filter and the integrator is reduced by reducing the cutoff frequency of the high pass filter, the circuit combined with the 
direct current cut filler and the integrator can further pass a signal at a low frequency, however, the gain is increased by A. 
[0413] In this way, when the cutoff frequency of the circuit combined with the direct current cut filter and the integrator 
is reduced, although the magnetic flux predicting signal 4, at a low frequency can be passed, the gam is increased and 
so therefore even DC noise (direct current component of noise) is also amplified. 

[041 4] When the cutoff frequency of the circuit combined with the direct current cut filter and the integrator is reduced, 
since the magnetic flux predicting signal * at a low frequency can be passed, the operation in starting the motor is 
stabilized, however, there is a case in which the. operation becomes unstable when the motor is operated in steady 
state because the direct current noise is amplified. Meanwhile, when the cutoff frequency of the circuit combined with 
55 the direct current cut filter and the integrator is increased, although the steady-state operation of the motor is stab.hzed 
because the direct current noise is not amplified, there is a case in which operation in starting the motor becomes 
unstable because the magnetic flux predicting signal fat a low frequency is difficult to pass. 

[0415] Therefore, it is preferable to change the cutoff frequency of the high pass filter when the motor 5 is started (it 
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is necessary to pass the magnetic flux predicting signal * at a low frequency) and at a time point at which the rotational 
number of the rotor 6 is increased to some degree. ' 
[0416] Fig. 30 is a diagram showing a constitution of a control circuit 48 according to the modified example The 
control circuit 48 is constituted such that a direct current cut filter 28 is newly added to the control circuit 47 according 
to the ninth embodiment between the adder 1 3 and the comparator 4 and a cutoff frequency change signal is transmitted 
to the direct current cut filter 28 and the direct current cut filter 2 from the microcomputer 30. The same notations are 
attached to constituent elements in correspondence with those of the control circuit 47. Further, according to the em- 

^,rZT <l CU o° 0 ff t r ! qUenCy Can be Chan9ed also with res P ect 10 the direc * current cut filter 2 along with the direct 
current cut filter 28. This is for restraining the direct current component from being integrated by the integrator 1 by 
increasing the cutoff frequency when the rotational number of the rotor 6 is increased to some degree Further there 
may be constructed a constitution in which the cutoff frequency can be changed only at the direct current cut filter 28 
[0417] Both of the direct current cut filters 28 and 2 are constituted by high pass filters. It is not preferable that the 
™, C ° m j\° nent is in P utted 10 and integrated by the integrator 1 and therefore, according to the modified 

example, the cutoff frequency of the direct current cut filter 2 is made variable. 
' 5 [0418] The microcomputer 30 sets the cutoff frequencies of direct current cut filters 28 and 2 to 11 [Hz] during a 
predetermined time period from the stationary state of the motor 5 after starting the motors (for example. 10 seconds) 
m !,, «f S !° u ,ncrease cutoff frequency to f2 (f1 <f2) [Hz] after elapse of the predetermined time period 
0419] The microcomputer 30 can set the cutoff frequencies to f1 [Hz] by setting the cutoff frequency change signal 
lo a reset side and transmitting the cutoff frequency change signal to the direct current cut fillers 28 and 2 and set the 
cutoff frequencies to f2 by setting the cutoff frequency change signal to a set side and transmitting the cutoff frequency 
S 'i nal to t he direct current cut filters 28 and 2. That is, the microcomputer 30 constitutes switching means for 
switching the cutoff frequencies. 

[0420] According to the modified example, f1 =0.05 [Hz] and f2=0.5 [Hz]. 

[0421] The gain is proportional to the frequency and therefore, the gain at the cutoff frequency f1 is ten times as 
much as the gain at the cutoff frequency f2. 
[0422] The control circuit 48 constituted as described above is operated as follows 

[0423] When the motor 5 is started from the stationary state, the microcomputer 30 outputs the cutoff frequency 

JoSuS 3 "^ 

30 Thereafter ' Wnen the motor driving circuit 1 7 is started in the 2-phase acceleration mode, the microcomputer 

30 starts measuring an elapse time period after starting the motor 5 simultaneously therewith 
[0425] When 1 0 seconds have elapsed after starting the motor 5, the microcomputer 30 outputs the cutoff frequency 

to So 5 pJz] CUrrSnt ' HterS 28 2 ^ Settin9 Si9nal t0 th6 S6t SidS and S6tS the CUt0tf fre 9 uencie s 

[0426] Thereafter, the motor 5 is operated similar to the ninth embodiment 

22? , th Ac ^ ording 10 the above-described modified example, the motor 5 is operated by reducing the cutoff frequen- 
«™ h w, C T nt CUt fi ' terS 28 and 2 ° nly in 3 Sh0rt time ? eriod after s,artin 9 the rotation (for example 10 
pf*nl K° r tT Ple ' 0 05 tHZl) Se " ing the dUt0ff fre ^ encies to be slightly higher (for example, 0.5 [Hz]) after 
J eadv s aTeVl 0 , 1 f ^ thS P ° Si,i ° nS ° f the ma 9 netic P oles in s ^ing and 
of the motor is promoted PrSdmn9 ^ *' R ° T Signa ' ^ 3re Stabi " Zed and th<3 st * m * 

™™IJ™T; a ? C ? rding l ° m ° dified SXample ' th6re Can alS0 be cons fucted a constitution s which the micro- 
computer 30 detects from the ROT signal whether the rotational frequency of the rotor 6 is larger or smaller than a 
predetermined value, when the rotational frequency is equal to or smaller than the predetermined value the micro 
computer 30 sets the cutoff frequencies of the direct current cut filters 28 and 2 to f1 [Hz] and when the rotational 
requency is larger than the predetermined value, the microcomputer 30 sets the cutoff frequencies to f2 (f 1 <f2) rHzl 
hrn^fi t? S ?K e 7 ibedabOVe ' an e *P lanal i°" has been given of the ninth embodiment and the first modified example 
S n k eXamP ' e ° f the ninth embodiment and the embodiments and the modified examples can 

individually be executed or can be executed by arbitrary combinations. 

(Tenth Embodiment) 

b?thP^? rdin9 , t0 ^ he 7 bod ' ment ' an ^Planation will be given of a vacuum pump in which a motor is controlled 
by the control circuit 47 explained in the ninth embodiment 

-ample of a l^uCmp: " eXP ' ana,i ° n " & <* * magnetic bearing type as an 

dire'cL oi 9 a Zo^uTso^ ^ * * " * P^P 301 in an axis line 
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v [0433] A casing 31 6 is provided with a cylindrical shape and forms an exterior member of the turbo-molecular pump 
* 301. 

[04341 The rotor shaft 303 is installed at a center of the casing 316. 

[04351 Magnetic bearing portions 308. 312 and 320 are respectively provided at an upper portion, a lower portion 
s. and a bottom portion of the rotor shaft 303 in view of the paper face. When the turbo-molecular pump 301 is operated 
the rotor shaft 303 is magnetically floated up and supported in noncontact by the magnetic beanng portions 308 and 
312 in a radial direction (diameter direction of the rotor shaft 303) and magnetically floated up and axially supported 
by the magnetic bearing portion 320 in a thrust direction (axial direction of the rotor shaft 303). 
[04361 These magnetic bearing portions constitute a magnetic bearing of a so-to-speak five axes control type and 
w the rotor shaft 303 and a rotor 311 fixedly attached to the rotor shaft 303 can be rotated around the axis line of the 

rotor shaft 303. r.h^n 
[04371 At the magnetic bearing portion 308. four electromagnets are arranged at a surrounding the rotor shall 3UJ 
to be opposed to each other at every 90°. The rotor shaft 3 is formed by a material having high permeability such as 
iron and is attracted by magnetic force of the electromagnets. 

is [04381 A displacement sensor 309 is a radial sensor for detecting a displacement of the rotor shaft 303 in the radial 
direction When a control apparatus 325 detects that the rotor shaft 303 is displaced from a predetermined pos.t.on in 
the radial direction by a displacement signal from the displacement sensor 309, the control apparatus 325 operates to 
return the rotor shaft 303 to the predetermined position by adjusting the magnetic force of the respective electromag- 
nets. The magnetic force of the electromagnets is adjusted by controlling excitation current of the respective eleclro- 

20 magnets by a feedback control. . 

[0439] In this way, a control portion 25 controls the control apparatus 325 by a feedback control based on a signal 
of the displacement sensor 309, thereby, the rotor shaft 303 is magnetically floated up in the radial direct.on at a 
predetermined clearance from the electromagnets in the magnetic bearing portion 308 and is held in noncontact in a 
space. 

25 [0440] Constitution and operation of the magnetic bearing portion. 31 2 are similar to those of the magneticbearmg 

[04411 3 |n the magnetic bearing portion 312, four electromagnets are arranged at a surrounding of the rotor shaft 303 
at every 90° and by attractive force of magnetic force of the electromagnets, the rotor shaft 303 is held in noncontact 
in the radial direction by the magnetic bearing portion 312. ' , 

30 [0442] A displacement sensor 313 is a radial sensor for detecting the displacement in the radial d.rection of the rotor 

[0443]° 3 When the control apparatus 325 receives a displacement signal in the radial direction of the rotor shaft 303 
from the displacement sensor 313, the control apparatus 325 controls excitation current of electromagnets by a feed- 
back control such that the rotor shaft 303 is held at a predetermined position by correcting the displacement. 
35 [0444] The control apparatus 325 controls the magnetic bearing portion 31 2 by a feedback control based on the 
signal of the displacement sensor 313, thereby, the rotor shaft 303 is magnetically floated up in the radial direct.on by 
the magnetic bearing portion 312 and is held in noncontact in a space. 

[0445] The magnetic bearing portion 320 provided at a lower end of the rotor shaft 303 is constituted by a metal disk 
31 8 electromagnets 31 4 and 31 5 and a displacement sensor 31 7 and holds the rotor shaft 303 in the thrust direct.on. 
40 r04461 The metal disk 318 is constituted by a material having high permeability such as iron and is fixed orthogonally 
to the rotor shaft 303 at its center. The electromagnet 31 4 is installed above the metal disk 31 8 and the electromagnet 
315 is installed therebelow. The electromagnet 314-attracts the metal disk 315 in an upper direction by the magnetic 
force and the electromagnet 31 5 attracts the metal disk 31 8 in a lower direction. The control apparatus 325 pertinently 
adjusts the magnetic forces exerted to the.metal disk 31 8 by the electromagnets 31 4 and 31 5, thereby, the rotor shaft 

45 303 is magnetically floated up in the thrust direction and held in noncontact in a space. 

[0447] The displacement sensor 31 7 is an axial sensor for detecting the displacement of. the rotor shaft 303 in he 
thrust direction and transmits a delected signal to the control apparatus 325. The control apparatus 325 detects he 
displacement, of the rotor shaft 303 in the thrust direction by the detected signal of displacement received from the 
displacement sensor 317. , . > 

so [0448] When the rotor shaft 303 is displaced from a predetermined position by moving to either side in the thrust 
direction, the control apparatus 325 adjusts the magnetic force by controlling excitation current of the electromagnets 
314 and 315 by a feedback control to correct. the displacement and operates to return the rotor shaft 303 to the pro- 
determined position. By the feedback control of the control apparatus 325, the rotor shaft 303 is magnetically floated 
and held at the predetermined position in the thrust direction. 

55 [0449] As has been explained above, the rotor shaft 303 is held in the radial direction by the magnetic bearing portions 
308 and 312 and held in the thrust direction by the magnetic bearing portion 320 and therefore, the rotor shaft 303 is 
axially supported in noncontact around the axis line by magnetic levitation. 

[0450] In the axis line direction of the rotor shaft 303, a protection bearing 306 is provided above the magnetic beanng 
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r0451 Al^ul th k 7Z 07 ' S PrOVidSd bSl0W lhS ma9n6tiC bearin 9 P° rtion 31 2 . respective „ 

[0451] Although the rotor shaft 303 is magnetically floated up and held in noncontact in the space bv the maanetic 
bearing portions 308. 312 and 320. there is a case in which the rotor shaft 303 is signif cant.y fJ3S 
position by causing a deflection around the axis line of the rotor shaft 303 The protection bearina S anc ^307 * 

mor P0 3 2 '10 Ts™:::™* a permanent ma9net ,rom being brought in, ° c ° ntact ^ «^ - s 

SL^r th l r0tOr Shaft 303 iS m ° Ved fr ° m the Predetermined position by a certain amount or more the rotor 
» PhysicaTy «SS C ° maCt Pr ° teC,i0n b6arin9S 306 307 and " ^ XThaft 3 S is 

3 0 12 5 Themnt^n T"^ """"^ W " h m0t ° r POrti0n 310 betWeen 1he ma 9 ne ' ic faring portions 308 and 
fhlr Jr ° Portion 310 ,s constituted by a DC brush-less motor and a detailed explanation will be given later 
m T r h eferenCe to F, 3" 32 " The motor portion 310 generates torque and rotates the rotor shan 303 

>5 M m ? 8 T 3 lVn fiX6d t0 the r ° t0r Shaft 303 by 3 b0,t 305 and wnen the rotor shaft 303 is dL and rotated 
by the motor portion 310, the rotor 311 is rotated along therewith 

[0455] On a side of an intake port 324 of the rotor 311, there are attached a plurality of stages of rotor blades 321 
radially from the rotor 311 while being inclined to a plane orthogonal to the axis line of L rotor shaft ITS 
,e o rm l nedang,e.Therotorb l ades321 are fixedly attached to the rotor 311 and are ^-^^^8^ 

3 0 2 4 l 5 t 6 o LrH Urther ' ^ "f" 19 316 ' therS fiX6d Stat ° r blades 322 a 'ternately with the stages of the rotor blades 

mlneZS , ^ ',' ^ ^ ^ b,adeS 322 are fixed <° the casing 3la^££££ 

mmed angle from a plane orthogonal to the axis line of the rotor shaft 303 preaeter 

At^nLT ° Ute l PeriP . h ! ral ,aCe °' POrti ° n ° f tbe r ° t0r 311 ° n 3 Side of an exha ^t port 319 is formed by a cylinder 
termined clearance from the outer peripheral face. The screw groove spacer 302 is formed by for example aluminum 
m«« W T° Ve PUmP POrti ° n iS f ° rmed by thS SCreW 9 r00ve s P acer 302 and the rotor 311 P ' 

and I LI" 'f r PeriPhera ' ^ ° f thS SCr6W 9r ° OVe SpaCer iS f0rTT1ed with the scr ew groove 304 in a spiral shape 
and a depth of the screw groove 304 is reduced toward lower stages. When the rotor 31 1 is rotated a qas is transoS 

° mereTor e. the gas is compressed by being transported in the screw groove 304 

^zs^sssss^sssi zar ,urb ™ ar pump 1 md 

[0462] The gas transmitted to the screw groove pump potion is transported to the lower staoes whil P h P inn „, .ih-h 
; n 04631 SCr F T a 9 S° Ve 3 ° 4 h C ° mpreSSed fUrther and ther6after -hausted from the J^pSTaJT ° § 

45 e a a?h n r conc ;r ca,,y at every 60 de9rees and sucb — 

each o th e r and the respective electromagnets are wound with the motor windings 7U 7V and 7W "in ^co 'espondence 
w.th the respective phases. Cores of the electromagnets are constituted by lammated 8^8^ ^^^' 

» of Z th eSPe f " e 'f r0ma9netS ° PP ° Sed l ° 6aCh ° ,her are re-rsedsuch that for exampfe Twh'n cu rent 

:«;r 7Ui ,he u - phase e,ectroma9net 326e ^ and t h p e ^ r 

opposed thereto respectively constitute N-po.es), and when the driv^ vo^ ^ rnlTZZI^ZTT 
[0466] MeanwhHe, two permanent magnets 328 and 329 are fixedly attached onto the rotor shaft and faces of 
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the electromagnets opposed to the. respective electromagnets constitute N-pole (permanent magnet 328) and S-pole 
fnermanent maanet 329) at every half turn of the rotor shaft 303 in the peripheral direction. 

[04671 As shown by Fig. 32. when the driving voltage vector 1 is outputted, the electromagnets 326c and 326e 
consU utel- o°es and" ^electromagnets 326d and 326f constitute N-poles. further, when ^^T^g^ 
is disposed on the upper side of the paper face and the permanent magnet 329 * .disposed on the lowe "Sid of the 
paper face the permanent magnet 328 is attracted to the electromagnets 326c and 326e, the permanent magnet 329 
f s £S lo th'e Sromagnets 326d and 326f and therefore, torque in the clockwise direction in view of the paper 

face is qenerated in the rotor shaft 303. th .„ hll 
[04681 In this way. by successively outputting the driving voltage vectors such that 1 -> 2 3 4 -*.S - 6 _to thereby 
aenerate the torque in the rotor shaft 303 while the positions of the magnetic poles 328 and 329 are.detected, the rotor 
SS^ ^tS. Further, the positions of the magnetic po.es 328 and 329 are detected by the magnetic flux 

[O^TTuS conversely, when the electromagnets 326c and 326e are made to constitute N-poles 
tromaanets 326d and 326f are made to constitute S-poles (that is, when polarities are reversed) in the case n which 
th ^ermanS Ignets 328 and 329 are disposed at positions illustrated in Fig. 32, torque in the counterc.ockw^e 
directions ; generS in the rotor shaft 303 and the rotor shaft 303 (assumed to be rotated in the clockwise direction) 

ro a 4 n 7m b Th'e'umo-molecular pump 301 constituted as. described above is operated as follows. When the turbo-mo- 
ecular pump 301 is started from the stationary state, the control apparatus 325 drives the magnetic bearing , portions 
20 308, 312 and 320 to thereby magnetically float up the rotor shaft 303 and thereafter dnve the motor portion 31 0 by the 
2-phase acceleration mode to thereby rotate the rotor shaft 303. 

[0471] When the rotational frequency of the rotor 303 reaches a frequency capable of locking the PLL^rcurt (for 
example 30 Hz), the control apparatus 325 switches to drive the motor portion 31 0 by the 3-phase acceleration mode 
and accelerates therotor shaft 303 to steady-state rotation (for example, 30,000 rotations per mmutc). Further, rotation 
25. of the rotor shaft 303 is maintained by the 3-phase acceleration mode as ,t is. _, oftu)ith , he turbo . 

[0472] When the rotor shaft 303 is rotated, a gas in a chamber (vessel to be ^^^^^^^ 
. molecular pump 301 , is sucked from the intake port 324 and is compressed by operation of the rotor blades 321 and 

r047irTl a ?a?c 2 ompressed by the rotor blades 321 and the stator blades 322 is f urther compressed while being 
30 Lsported in the screw groove 304 of the screw groove pump portion and thereafter exhausted from the exhaust port 

[0474] When the turbo-molecular pump 301 is stopped from a steady-state operating state, the ""^ W«*us 
325 decelerates rotation of the rotor shaft 303 to a predetermined rotational frequency (for example ab u 80 P«DJy 
the 3-phase deceleration mode and thereafter further decelerates the rotat.on by switching I the mode to the 2-phase 
deceleration mode and stops the rotation. The control apparatus 325 stops the magnetic bearing portions 308, 312 
and 320 after stopping to rotate the rotor shaft 303. 

a 04751 Further according to the above-described, the turbo-molecular pump 301 is operated in an order of 2-phase 
a^SraKSnTa-pllL acceleration mode - 3- P hase deceleration mode -» 2-phase deceleration mode, how- 
ever there are eight kinds of mode switching as explained in the ninth embodiment. 
[0476] According to the embodiment described above, the following effect can be achieved. 
0477 According to the 2-phase acceleration mode, rotation of the rotor shaft 3 can be started regardless of inrtial 
positions of the magnetic petes 328 and 329 and therefore, it is not necessary to brake the magnetic poles 328 and 

45 noles 328 and 329 by the magnetic flux predicting signal'*, the field can be controlled by a feedback contra 

[0479] By the 'above described two points, a time period of starting the turbo-molecular pump 301 can be shortened 
and failure of starting can be restrained. 1 . t , tr 

[0480] Further, even when the. rotational frequency of the rotor shaft 3 is significantly changed by caus.n ad. ur- 
bance for example, outside air intrusion in operating the turbo-molecular. pump 301 , the rotor shaft 3 can be controlled 

so bv the maonetic flux predicting signal 4 without being brought into out of phase. 

SSTC ^nfl ?o the embodiment described above, the motor portion 310 is constituted by the two 
permanent Tagnets fixedly attached to the rotor shaft 3 and the sixth electromagnets arranged at the surrounding (3 
ThaTes 2 PoTes) " he embodiment is not limited thereto but may be constituted by permanent magnets and electromag- 

55 S^Furtt^Zugh 3 it is conceivable to attenuate vibration of the rotor shaft 303 when the permanent magnets 
328 and 329 are braked by the direct current in starting by mechanical friction by using the protection bearings 306 
. and 307 without usfng the'magnetic bearing portions 308, 312 and 320, it is necessary to constitute he «curt ior 
stopping and braking by direct current, the magnetic bearing portions 308, 31 2 and 320. further, wear of the protection 
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bearings 306 and 307 results and therefore, the attenuating operation is not preferable 

S w ? rth8r ' although adding to the embodiment, as the control circuit of the motor portion 310 the control 
circuit 325 is mounted with the control circuit 47 according to the ninth embodiment the embodimen is not Mm! 2 

5 l e b:di m ent h t e h COnt h 0 ; h aPPar H T 325 66 m ° Unted WUh the COntro1 ab «- ratus (co iro cS) i g T st 

th embodiment and the res P<^ modified examples of the ninth embodiment Further 
when the control circuit 143 according to the third embodiment is used, the rotational number sensor 125 is attached 

' 5ST7l.ta2.tr T 1 k r0t ° r Sh3ft 303 33 thS ' arget and the taf 9 et is detected b y a Hall sensor or theTke 
10 ™! 1 1 - k 9 accordin 9 to ^ embodiment, there is pointed out the example of the turbo-molecular pump o the 
magnetic bearmg type, the system of the bearing is not limited thereto but there may be constructed ZsXion ol 

sta«c Z C k tVPe bearin9 SUCh 35 r0 " er bearin9 ° r Slidina bearin 9- As a slid -9 bearing the- ™ ^be used a 
static pressure bearing or a dynamic pressure bearing by gas or liquid. nere may oe used a 

(Eleventh Embodiment) 

15 

86 and N-pole on the side of the permanent magnet 87. permanent magnet 

25 [0488] Meanwhile, a stator is constituted by a stator core 85 and the motor windinas 7U tv^h ™, ,^ 

stator core 85 is formed with magnetic poies of U-phase, V-phase and W-phase at eZ 1 20 le^ JZZ. °" V" 
magnetic po.es are wound with the motor windings 7U, 7V and 7W. * 120 degrees and the respect-ve 

[0489] The motor 5 constituted in this way is operated as follows. 

30 [Case of 2-phase mode] 

[0490] The microcomputer 30 (control circuit 47, refer to Fig. 11) makes ON/OFF the transistors 7h 7r 7a a „n -n < 
the motor driving circuit 1 7 in synchronism with the ROT signal outputted from the £S£S^^iJ^ 
35 -SSST TLT 3 ^ 5 a ' ternate,y ,0 thS m ° t0r Windin 9 S 7U ' 7V and ™ TherebyThe ro to 6 i Rotated " 

Sgi^ 

40 [Case of 3-phase mode] 

[0493] The microcomputer 30 makes ON/OFF the transistors 7a 7h 7r 7H 7oon H7f.f t u 

in synchronism with the,2x» ROT signal outputted S ffiffl outpuL h^K^^i 

- SSS" th T 6 h drMn9 V °' tage VGCt0r 6 succe *-e.y to the motor windings 7U, 7V and tTS^SSSLSL 

° u t\h m ; Cr0C ° mPU,er 30 mak6S thS RP Si9nal S6tting CirCUit 14 and the L P s'Sna. settmg c^r^S 
output the resistance value signal Rp and the inductance value signal Lp 9 res Pectively 

toth?n i nm th ° U l 9h , aCCOrdi u 9 l ° above - desc| - ibed example, the motor 5 is driven by the control circuit 47 accordino 

whi^h 1 f FUf1her ' , ,h ° m ° t0r 5 Ca " b ° constitutod b V ths mot0 ^ according to the other embodiment such as a motor in 
55 nil 9h the m ° t0r 5 ° f the embodiment is a motor of a radial air gap type having an air cao in the 

of SSS'ST motor 5 may be a mo,or of an axial air 9ap having an air ~ *^ ax,a ' ^S££ 

?vln 8, t',K AC f 0rdin9 ^ COntr °' CifCUil °' 3 brush " ,ess mo1 ^ of the invention described in Claim 1 through Claim 7 
even at the low speed rotation of the rotor in which the PLL circuit cannot be looked, i, is possible that lhe of 
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20 Claims 

1 . A control circuit of a brush-less motor comprising: 

a rotor having magnetic poles; 
25 a first winding comprising at least two motor windings for rotating the rotor; f thatntnr . 

a second motor winding comprising at least one motor winding lor detecting a pos.t.on of the rotor, 
rotor rotating means for rotating the rotor by making a current flow to the first winding; 
unltaae acauirina means for acquiring a voltage induced in the second winding; 

^IS!« -quiring means for acquiring magnetic po.e positions of the magnet* po.es from .he 
30 V0 |tage acquired by the voltage acquiring means; and 

current switching means for switching the current such that a direction of a magnet.c held by the first motor 
. SX^SaSed in accordance with the magnetic pole positions acquired by the magnet, pole pos.t.on 

acquiring means. 
35 2. A control circuit of a brush-less motor comprising: 

a rotor having magnetic poles; 

T^^n^n which pha'ses and magnitudes of vo.tage drop by inductances of the motor w.ndmgs are 

X^Terence'acquiring means for acquiring a difference between vo.tages operated to «he two motor 
windihashavihq the. equal phases and magnitudes oUhe voltage drop; ., mM . 

magnetic position acquiring means for acquiring positions of the magnetic poles from the difference be- 
45 tween the voltaqes acquired by the voltage difference acquiring means ; and nham .. 

«r C u«itching means for switching the currents in accordance with the pos.t.ons of the magnetic 
poles acquired by the magnetic pole position acquiring means. 

3 The control circuit of a brush-less motor according to Claim 1 , wherein an integrator for integrating the voltage or 
50 2 1 v'tage dZence acquired by the voltage acquiring means or the voitage deference acquinng means and a 
direct current cut filter. 

accoldance wTh the magnetic poie positions acquired by the magnetic po.e position acqu.rmg means. 

Tho ™ntmi rircuit of a brush-less motor according . to Claim 1, wherein when a rotational number of the rotor 
Ixceeds a ^preSer^ined vate the control circuit is switched to a motor drive system for generating a motor drive 



55 
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pulse by utilizing a PLL circuit. 
6. The control circuit of a brush-less motor according to Claim 1 , wherein: 
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a. sensor for detecting the magnetic pole positions of the rotor 

sssstrsn: for detectin9 a rotationai number of the rotor from the magnetic po,e p °- 

^umt?^ 

number detecting means is equal to or larger than a predetermined rotational number; 

rent, oHh-f Z ^ "? nUmber * 6qUa ' t0 ° r lar 9 ert ^n the predetermined rotational number the cur- 

the sensor! £T " ^ 8CC0rdance With the ma 9 netic > ole Posm^c^l 

wherein when the rotational number detected by the rotational number detecting means is less than the 

££ l e T' ned r0tati ° nal nUmb6r ' the CUrrentS ° f the motor windin 9 s are - wBchedS^iSJSii; 
pole positions acquired by the magnetic pole position acquiring means. magnetic 

7 ' ZZTT ° f a brU , Sh -' eSS m ° t0r 8CCOrdin 9 t0 Ciaim 1 • wherein a magnetic bearing supporting the rotor- 
are cu^^ 

8. A control circuit of a sensor-less brush-less motor comprising: 

a rotor having magnetic poles; 

a plurality of motor windings for rotating the rotor; 

current supplying means for supplying currents to the plurality of motor windings- 

S^JSESSr" w * r "" kin9 magn <* te - ai teaii - - - «* — »» 

thud acquiring means lor acquiring a difference between the currents oi the too predefetminedmotor wind™, 
mullplted by values of. Inductances „t the two predetermined motor windings P rMelenT "" eilm »l»'*'"<"ngs 

10. The control circuit of a sensor-less brush-less motor according to Claim 9 wherein a value of the «„n,h • * 
resistance is acquired by synthesized resistance value acquiring means including synthesized 

direct current supplying means for supplying a direct current to the two predetermined motor winding- a nH 
nrs calculating means for calculating the value of the synthesized resistance bylidt^a v Z o tfe inter 
cable voltage by a current value of the direct current. . 9 

SSEE^SSKT m °' or — ** '° ° laim 9 ' wh8,e, ° - — - 
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. high frequency current supplying means for supplying high frequency currents to the two predetermined motor 

windings; ■ . . 

inter-cable voltage value acquiring means for acquiring the value of the inter-cable voltage of the two motor 
windings when the high frequency currents are supplied thereto; and 
- second calculating means for acquiring a value of the inter cable voltage value divided by the current values 
of the high frequency currents, frequencies of the high frequency currents and a predetermined constant. 

12. The control circuit of a sensor-less brush-less motor according to Claim 9, wherein the inductance are acquired 
by inductance acquiring means, said inductance acquiring means comprising: 

rotor rotating means for rotating the rotor by switching the currents of the motor windings by an open loop; 
sampling means for sampling integrated values acquired by the first integrated value acquiring means before 
and after switching the currents of the motor windings; 

current peak.value acquiring means for acquiring peak values of the values of the currents supplied to the two 
15 predetermined motor windings; and 

third calculating means for dividing an absolute value of a difference between the first integrated values before 
and after switching the currents acquired by the sampling means by the current peak values acquired by the 
current peak value acquiring means. 

20 13. The control circuit of a sensor-less brush-less motor according to Claim 8, wherein comprising: 

assumed magnetic flux acquiring means for acquiring interlinking magnetic fluxes of the two predetermined 
motor windings by using assumed values of the resistance values and assumed values of the inductances; and 
correcting moans for correcting the assumed values of the resistance values and the assumed values of the 
25 inductances from: 

an inter-cable voltage values of the two predetermined motor windings when the rotor is rotated by a 
predetermined angular speed by the rotor rotating means; 

an inter-cable voltages of the two predetermined motor windings when supply of the currents of motor 
30 windings is stopped and the rotor is run freely by the predetermined angular speed; 

a signal provided by the assumed magnetic flux acquiring means when supply of the currents is stopped; 

and u i 

a phase difference of the signal provided by the assumed magnetic flux acquiring means when the supply 

of the currents is restarted. 



35 



14. A control circuit of a sensor-less brush-less motor comprising: 



magnetic flux signal acquiring means for acquiring a magnetic flux signal by integrating a voltage difference 
between predetermined two phases in a plurality of motor windings for rotating a rotor having magnetic poles 
40 in which phases and magnitudes of voltage drop by inductances of the motor windings are equal to each other; 

first drive timing acquiring means for acquiring a drive timing of a driving voltage vector constituting a portion 
of outputable driving voltage vectors from the magnetic flux signal acquired by the magnetic flux signal ac- 
quiring means; 1 

first driving voltage vector outputting means for outputting the portion of the driving voltage vector in synchro- 
45 nism with the drive timing acquired by the first drive timing; 

second drive timing acquiring means for acquiring output timings of the outputable driving voltage vectors by 
multiplying the timing provided from the magnelic flux signal acquired by the magnetic flux signal acquiring 
means; 

second driving voltage vector outputting means for outputting the outputable driving voltage vectors in syn- 
50 chronism with the drive timing acquired by the second drive timing acquiring means; and 

selecting means for selecting the first driving voltage vector outputting means and the second driving voltage 
vector outputting moans. 

1 5. A control circuit of a sensor-less brush-less motor comprising; 

55 

current supplying means for supplying currents to a plurality of motor windings for rotating a rotor having 
magnetic poles; 

inter-cable voltage acquiring means for acquiring an inter-cable voltage of predetermined two motor windings 
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in the plurality of motor windings in which phases and magnitudes of voltage drop by inductances of the motor 
windings are equal to each other; 

resistance amount correcting means for correcting a change of a voltage by a synthesized resistance of re- 
sistances of the predetermined two motor windings and resistances of connection cables for connecting a 
power supply apparatus constituting the current supplying means and the motor windings from the inter-cable 
voltage acquired by the inter-cable voltage acquiring means; 

magnetic.flux signal acquiring means for acquiring a magnetic flux signal by integrating the inter-cable voltage 
corrected by the resistance amount correcting means; 

reactance amount correcting means for correcting a change amount by reactances of the predetermined two 
motor windings among the magnetic flux signal acquired by the magnetic flux signal acquiring means: 
magnetic pole position acquiring means for acquiring positions of the magnetic poles from the magnetic flux 
signal corrected by the reactance amount correcting means; and 

correction nullifying means for nullifying at least the reactance amount correcting means in the resistance 
amount correcting means and the reactance amount correcting means to be prevented from correctinq the 
75 magnetic flux signal; 

wherein when a rotational number of the rotor is equal to or smaller than a predetermined rotation at least 
the reactance amount correcting means is nullified by the correction nullifying means and the current supplying 
means supplies the currents to the predetermined two motor windings by a first mode switching the currents flowing 
in the predetermined two motor windings based on the positions of the magnetic poles acquired by the magnetic 
pole position acquiring means; and 

wherein when the rotational number of the rotor is larger than the predetermined rotation, the currents are 
supplied to the motor windings by a second mode of switching the currents of the motor windings based on the 
positions of the magnetic poles acquired by the magnetic pole position detecting means without usingthe correction 
nullifying means. 



20 



25 



16. The control circuit of a sensor-less brush-less motor according to Claim 1 5, wherein the current supplying means 
makes small currents flow in the plurality of motor windings in accordance with a predetermined order during a 
predetermined time period when a mode is switched from the first mode to the second mode. 

17. The control circuit of a sensor-less brush-less motor according to Claim 15, wherein comprising: 

direct current cutting means capable of switching a first cutoff frequency and a second cutoff frequency of a 
frequency larger than the first cutoff frequency for removing a direct current component superposed on the 
35 magnetic flux signal; and 

switching means for switching the first cutoff frequency and the second cutoff frequency of the direct current 
cutting means. 
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18. 



The control circuit of a sensor-less brush-less motor according to Claim 1 7, wherein the switching means sets the 
cutoff frequency of the direct current cutting means to the first cutoff frequency during a predetermined time period 
rom when the rotor is started and switches the cutoff frequency of the direct current cutting means to the second 
frequency when the predetermined'time period has elapsed. 

19. A brush-less motor apparatus comprising: 

(1 ) a motor portion comprising: 

a rotor having magnetic poles; 

a first motor winding comprising at least two motor windings for rotating the rotor: and 

a second motor winding comprising at least one motor winding for detecting a position of the rotor; 

(2) a control portion comprising: 

rotor rotating means for rotating the rotor by making a current flow in the first motor winding; 

voltage acquiring means for acquiring a voltage induced in the second motor winding: ■ 

magnetic pole position acquiring means for acquiring magnetic pole positions of the magnetic poles from 

the voltage acquired by the voltage acquiring means; and 

current switching means for switching the current such that a direction of a magnetic field by the first motor 
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winding is changed in accordance with the magnetic pole positions acquired by the magnetic pole position 
acquiring means. 



20. A brush-less motor apparatus comprising: 

5 

(1) a motor portion comprising: 



10 



a rotor having magnetic poles; and 

a plurality of motor windings for rotating the rotor; 

(2) a control portion comprising: 



rotor rotating means for rotating the rotor by making currents flow to at least two motor windings in the 
plurality of motor windings in which phases and magnitudes of voltage drop by inductances of the motor 

15 windings are equal to each other; 

voltage difference acquiring means for acquiring a difference between voltages operated to the two motor 
windings having the equal phases and equal magnitudes of the voltage drop; 

magnetic pole position acquiring means for acquiring positions of the magnetic poles from the difference 
between the voUages acquired by the voltage difference acquiring means; and 
20 ■ winding current switching means for switching the currents in accordance with the positions of the magnetic 

poles acquired by the magnetic pole position acquiring means. 

21. A sensor-less brush-less motor apparatus comprising: 

25 (1) a motor portion comprising: 

a rotor having magnetic poles; and 

a plurality of motor windings for rotating the rotor; 

30 (2) a control portion comprising: 

current supplying means for supplying currents to the plurality of motor windings; 
magnetic flux acquiring means for acquiring an. interlinking magnetic flux of at least one of the motor 
windings by the magnetic poles; and 
35 . magnetic pole position acquiring means for acquiring positions of the magnetic poles from a change in 

the interlinking magnetic flux acquired by the magnetic flux acquiring means; 

wherein the current supplying means switches the currents of the motor windings based on the positions of 
the magnetic poles acquired by the magnetic pole position acquiring means. 

40 

22. A sensor-less brush-less motor apparatus comprising: 

a rotor having magnetic poles; . *;■•• 

a plurality of motor windings for rotating the rotor; ^„ 
magnetic flux signal acquiring means for acquiring a magnetic flux s ignal by integrating a voltage difference 
between predetermined two phases in the plurality of motor windings in which phases and magnitudes of 
voltaqe drop by inductances of the motor windings are equal to each other: 

first drive timing acquiring means for acquiring a drive timing of a driving voltage vector constituting a portion 
of outputable driving voltage vectors from the magnetic flux signal acquired by the magnetic flux signal ac- 

50 quiring means; ■ . . , u, 

first driving voltage vector outputting means for outputting the portion of the driving voltage vector in synchro- 
nism with the drive timing acquired by the first drive timing acquiring moans; 

second drive timing acquiring means for acquiring output timings of the outputable driving voltage vectors by 
multiplying the timing provided. from the magnetic flux signal acquired by the magnetic flux signal acquiring 
55 rneans* 

second driving voltage vector outputting means for outputting the outputable driving voltage vectors in syn- 
chronism with the drive timings acquired by the second drive timing acquiring means; and 
selecting means for selecting the first driving voltage vector outputting means and the second driving voltage 
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vector outputting means. 
23. A vacuum pump apparatus comprising: 

an exterior member one end of which is formed with an intake port and other end of which is formed with an 
exhaust port; 

a rotor axially supported rotatably by a magnetic bearing or a mechanical type bearing at inside of the exterior 
member; 

a motor for rotating the rotor; and 

a stator arranged at the inside of the exterior member; 

wherein the motor is constituted by the brush-less motor apparatus according to Claim 1 9 or Claim 20 or the 
sensor-less brush-less motor apparatus according to Claim 21 or Claim 22. 
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Control circuit and apparatus of brush-less motor and vacuum pump 



(57) To provide a control circuit or the like of a brush- 
less motor capable of properly controlling current of mo- 
tor windings by detecting positions of magnetic poles of 
a rotor at a rotational frequency of the rotor from low 
rotation which cannot lock a PLL circuit to steady-state 
rotation for rotating at high speed. Positions of magnetic 
poles are detected by a change in a magnetic flux (mag- 
netic flux signal) of motor windings caused by rotating 
a rotor having the magnetic poles, thereby, a synchro- 
nizing signal (ROT signal) in synchronism with rotation 
of the rotor is generated. When the rotor is rotated at a 



low rotational frequency which cannot lock a PLL circuit, 
the rotor is driven by using predetermined two driving . 
voltage vectors among outputable driving voltage vec- 
tors and when a rotational frequency capable of locking 
the PLL circuit is reached, the rotor is driven by succes- 
sively outputting the outputable driving voltage vectors 
in synchronism with the positions of the magnetic poles 
detecting the outputable driving voltage vectors. Fur- 
ther, the magnetic flux signal is provided by using volt- 
age between two phases at which phases and magni- 
tudes of voltage drop caused by inductances of motor 
windings are equal to each other 
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